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LETTER OF TRANSMITTAL 


= Wawami. 


БытнаднтАн Їеатгтэтгэн, 
| n^ Weahington, December 2, 1977, 
` To the Congress af the United Staten? 
i In алвагд пан with section 04808 of the Hired Statuta of tha 
ати in [ишин of the Boud of Кейн, 
to Wubunit to Congress the annual report of the operations, expendi- > 
Бараа, and бн Нов of the Smithsonian Inetitation for the year 
ended Juna 30, 1037. I hove the honar to be, 
Very reapoesfully, your obedient servant, 
С. 0. Asner, атаар. 
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ANNUAL REPORT OF THE BOARD OF REGENTS 
OF THE SMITHSONIAN INSTITUTION FOR 
THE YEAR ENDING JUNE 30, 1987 


sump ETR 


1. Amnunl report of the Secretary, giving nn account of tha ep. 
erations and condition of the Institution for the year ending June 80, 
1937, with statistica of exchanges, ete., including the proceedings of 
tha rasatings af tha Hoard ef Кереп. 

2, Report of tho executive eonemittes of the Board of Reperis, 
oxhitating the financial affairs of Шо Institetion, iscbading в state= 
ment of the Smlibaenlas fund, and receipts and expenditures for 


3, General appendix comprising a adection of izlsecllaneous 
mamira Of interest to collaboratore and correspondants of tha Imats- 
tution, teachers, and others engaged in the promotion of knowledge. 
These Temika relate «еду to the calendar year 1937. 
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THE SMITHSONIAN INSTITUTION 
June 30, 18607 


Presiding afur er ofkchs-—Fuamziis D. Domar, President of the United 
Bimbi. 

Chaiora Brania Monsa, Chief Jamies of (be United Srmcog 
Nambari af Kho Тег bin? 

таам D. Hamer, President af tho Untied Braces. 

Jour M. GARTER, View President ef the Urdied Hares, 

ñira ma ma Erase Несла, Chief Танаа of the Untied States 

Eanan, Hval, Becrebary of Seaia 

Hey вагата, Jm. Secretary Gë the Trasy: 

Некат Hires очага, Hecrelary of Wir. 

Пошта B. Commit, Albarmey General. 

Jamms А. Faer, Fier AL 

Crome А. ЖАНБОН, Secretary of Che Мату. 

лкен. T. Тк, Secretary of the Таніо. 

анат А. лылық, Becnetary of Адаг. 

Ганта. 42 Form, Несттінгу of синие» 

Taima Êma, Secretary of Labor. 


“Бертін of Fhm Inahiwiion: 


Crum Erant Нанта, Chief Justice of ib Taled бээ, Салон от 
Jonn М, балка, Үзсс Речі of (he United Staten 
Товита Т. Пак, Member of the Бега. 
ML М, Lega, Member of Ме Вена». 
{илиги 1, Молат, Member ef Ube Senate. 
T Aram Gausa, Marcher of the House of IDeprosentaLi vua. 
Салалы L. (істен, Member of the House of Degresentalirmt. 
Sues Санчы, Member of rhe House of Ticgreseniatires 
Ғзшишс А. Darn, tana of Waabingtos, ІК C. 
оши C. Maa, СЕН of Washington, D- C. 
BL Wapo Moons. «Шана of Virginia. 
Bara W. Елюанан, сеп of Ершілсіт. 
apocerce P. Тагна, tires of Massachusetts. 
Тааз» B. Moris, еіішеп of Pesnagbvania. 
ҒығыНға ортга. FENG А. Dalat, Тонх Co Mean, 2. Wima 
MEE 
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Жьнабань Lauder (im ee) ALE ee W кы пш. 
Дәнетшіс dérechor- Pus E, Саа. 


ШБІЛЕКТІҒІН: ЕТАҒҒ 


илышет от детина: | 
Frank M. бєє, acting head curator; W. TL Egberin chief pee 


Бігіне af Шалға: EU W. Ктіздег, сстаігс: 18. Н. Ге ва Jr. авиаг 
conser: Arthur DS. Есе, entiaberstar. 

Aeciion of Musical Dariumi) Hoge Word, саваа. 
Beeren af Севана: Балғын W. Уын, collateral. 

Бінінея of Аведаагалыг Mell М. Judd, euretor; Waldo Fn Wedel анкінікті 
puraíor; Н. б. Palne, niil 1. Temaris Нэн |, hoymorary aletan cnrm- 
tar af Old Worki aschectogr. 

Шилэн af Бвүневі deckespelRosp Abel ТШ са, curaior; Them I 
Жаншат даніны curator. 

(уй аллага. in ағыту = Петра Omat MacCemirz Hk Т. Белін 
БЕЙ, dr. 
лалы із histeris mrebeologry: Сугыш Adler. 
Титактытат оғ Нийт: 
Leinhand Üéefneger bead ғатабағ; W. LS гав, ШЕ газдан. 

Dichas af Mamaia: Gerri, H. Miller, Jr. cerater| Нетіғдтап Kellogg, 
пваа uraBek: A. J. Peala ікінегійе aid! А. Eraser Hound ooh 
abor. 

ЇНхїнэн of Бич: Heater) Friedman, rcuraBer; 4. Н. Ейеу, seeocials 
кызай; Alexander Winona) custodian of sleshelle азы] skeleton cL 
сноса: Casey А. Urol, гах аагалюл | Arthur C. Bert соларга, 

Dirim of Мер Пен and Falrachdana: Leonhard Нэн йг, сота вае: Daria 
M. Cerhran. Hekari сога bT- 

Pelen of Pubes! Laari P. анта amiat curktor: E. D. Hand, аз. 

иена of Inscehr: Lo ©. Howard, honorary curator; Reward A. Chapin, 
euraior; Willem Sehanm honorary eant солиот: Б. Presta Clark, 
слуз ға гар. 

Section of Hymrnepirra: В. А. Нәінғеғ, castedias; VW. M, Ман, ksssz- 
mri санып: Ebert А. Cushgmean. аваат раа, 

Section af Myriapoda: QU, Р, Cook, соён ап. 

Beetion nf Diptera: Charles T. (reens, assiarant етой. 

ection of Coleéglesh: L. X. Peueharan. specialem for Casey collection. 

Section of Lepidoposra : 7. Т. Barnes, cdliaborater. 

Bouton of Hemiptera: W, D. Molise, acing станы 

Benion of Forest ‘Tree Gertion: А. Dt Нар па, comedian, 

Шин наа of Maries Deserfekeafzsrt Wolds L. Байт. serwior: С, E. Bboe- 
Ekber, aisian enratar; James іл Maloney, ahi. Mira ШТастігі Birch 
Erima Esami, таат: Мах M. EXE. liber: Маупан! M. 
Засал, collaborates: 2. Pirey Мосге, collaborader: Joseph A. Cuskeman. 
eril bra lûr ie Feeaminifera; Charles Branch Wien collaborator in 
Dopita 

Dipika of Шты ваг Pied Harimeh, curator; Harald А. Hehüer, ilar 
бавала = Jah FE. Е. Ha, malar Ae ald! Mary Ea sal 
[ые т 

Eslan af НАРИ реа Collections: Maurice C. Hall, custodians. 
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TImpirruENT Dp Deo ien : 
Dire of Дына: Алийн И, Cinrk, сага, 
Інгінсе of Pisiy (Watheal Fertariem): W. Н. Marna, слгайоғ; Ee 
wath D. ЕШІР. mesie ezr&lür; Emery C. Leonard, кылы. СЕТА ИГ a 
= бегай V. Morwa, a34; Egbert Н. Walker, old; John A. Stevens. 
аазіса of Ú, (1, Lloyd mycological collection. 
Bacios of Oram: Agee kid, анара. 
fecti af Crypiogumic Cellectiona; 0, F. Cock, kha curator, 
Becibos of Higher Algae: W. Т. Егіліп, castodian. 
Section of Lower Fungi: D. Gk Fmlrckibd, custodian. 
бегла cf Dimbwms: Ралі X. Cosger. єпийпхНал, 
Axeociates іп Zoology: O Hari Merelam, Mary J. Hathbon, C. W. Stile 
Thesdere E. Fulmer, William Th. Marshall 
Алтотінік Gurater ін Beker: Шин М. Еті, 
Алжхїалс ін Marine Нєйшнала! Т. Wayland аса. 
Са штанг im бнер. Habert Sterling Clark. 
Cellaberabors In Во A. E. Miber, Пати 0. ЧЕга агь. 
Deere? ёл GELET] 
E. Я Pastor, bend erra bir i Teala (. Hemet, ала 
Dicen of PAgsical ard Гіңгтісен ealagy [remade and пробні}: 
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Нева, empatia sf rere metals жый ТЕГЕ талдв, 
ннн of HIrsdigeaphiz Фезан: Charlea EL Rese, тїгї. Bambir 
А. Cooper, masista санын; Margaret W. Moodey, ЮМ. for Springer 


fection, of Татег тай: Paleoztalegr: Т. W, ütanizn, сашйы ап of 
Mesas аен + Paol Basta, гин of Graeme collection 
Diren ог Yenbebeare Райс орыг Charles W. Gilmere, бағал, п 
Тања Gana, aminini шүл; Korman Н. Boss, qilf реєрётелог. 
Assine dn Міпетшігет: W, Т. ЖЕНШДЕ. 
Amin in Ранно с E. i. Ulrich. 
ӛкпесініс ір Petrelogr: Whitman Crise 
DrrikrHENT DT Алта ase [DEPCETENEÀ: 
Carl W. Mliman, bead curator, 
Diririsn. of Pagincering: Frank A. Tayler, сағана. 
Section of Mechanical Technobogy: Frank А. Таун, in charge; Feed 
E Їїхей, хха Ён 444. 
Helan of Астоавтлия: Paul E. Garber, mara Sopa БЫ. 
Reston of Mineral Techrohagr: Darl W. Milan, $2 charge 
Бігінгт ef Тегіне: Predeeic Т. Яса, curator; Mrz. E. W: Moska, 
. Жай of Weal ТЫНА К: Weem M. Tathing, авяјабапё сотай, 
Besian of Orpanan Chemisizy: Alda M. Doge, вл 
Інгінен of Medicina; Garisî Whitehead, amlersst гтігі ВЕ, 
Тый sf Әсерме Аға Е. Р. Тошма, curator ; C. Allen Бінгегіл, piee- 
de add 
Section of Photography: А. 7, limale, aaxistzrk Curi bar. 
Dwang or Erer T. T. Biola, geier: Charbés Corey. аминалл аних: 
Ыга. ©. Та Manning, їйїрїн. 
af sorrenpondence aed Авчиненїлг-Н, 3. Turan, 
Алинд chief of correspondence amd оган а.—1.. Е. Сомма, 
9 дарагдалстйсн! of buildings ат Пабег Е. IL ТЫЫ. 
Алган! rapeninfemdenr of Ваня анд Baap oe C. Bomar 


xm .» — ANNUAL REPORT ЧИГТНЗЧОНТАН ТНВТҮҮТЇГТТҮОХ, 1827 


Bpr Рашт, E. enim. 

Happier IL Dina ane. 

Arcoaumdem?s amd audiicr——SM. W. Ixmarr. 
Pirie. 4. FLATE. 

Progesrig: clerk. Li amam T. Hrga, 
атаран Pikrarigm.— Ami F, Gem, 


ATURE AE: (ALT ЯҒ AHT 


Тгжлїссаг 

fhe er Jer af dhe леге» Britta 

Tun Hearing ap Beare 

The БилжтАНТ of ihe TELASUNY, 

Thi REET SÉ Бы) Hartrüsconrax There, 
Davis Е. Е. Нисэж, 

Тесхсах FELLE 

B. Гааккл Ürer. 

нотага H>. meri 

Awam W. Мял, 


МАТЧА, CDDLBOTSOM OP РЕКЕ ЛЕТ 
Жанар Dirseror Hom P. Toten, 


TRE, OALLENHI OF АНТ 


Depi =J Bours Ene. 
авіа сығағат,--ііклге Diem Олат. 
Apipteng.— A mrmmars. (J. Wieser, 
дарсан үн тн — Гении Bn. 


EMED OF АмБЫСАН BOLT 


Chisf.—MarrEEW W. STIRLENWG. 

Бинсодийг-Їнх P. Hawarvüros, Jonn М, B. Нате Танан Мили 
они E. Burkispasy, Wire D. Braces, ин x 

Ағалары —Fuiwk HL TE Bomam, Ir. 

Авна ахлЕгорсгарйїг-Шшдан М, тигар. 

Sitter —HTLWLIE? Наян, 

Likrarizm.— Mmi №, Китснти, 

ГИ гат Erm C. (айн. 


ТЕГЕП МТ AL ЕХСЇЛНҮЄТЖ 
Weeraparp (іл hire l= Онал d. Ават, 
САНД оета maie ҮР, Шушы алй, 

БАТПАН АР, £OOLOGSDADL РАНЕ 


Türochr-—WLLO Mo Maxx 
Ainsfami Jir анов P. Үлдэж, 


A E Б а-у "ы OCDE “шг 


ыг а p... та —À 


АММПАЛ. НЕТЧУНТ SHITHSONIAN INSTITUTION. 16 ч Яғ 
ATTEMPT Ay UATE 


Direetar.—Cmamueg O. Дирт. 
Rrnareh ёраш = Fras E FowlE lr. 
лче research аван! —Errpaw EL Wee, 


DON OF НАПГАЛЛОХ sk DERT NES ЫН. 


Жнкй, Omar Û, Aun, 

Алийг ігесілг;--Каш, Н. Tulis ETON: 

Авгосшїс research assisléni.— Ecwams D. Шегата. 
Ангийн is га йн reacarcA.—Laranp B. алк. 
Баавгай, авав —Fioxrsér E МЕНЕЕ, 


т 
(77 e a is 


=: Em "u PN 


` REPORT OF THE SECRETARY OF THE 
SMITHSONIAN INSTITUTION 


C. G. ABBOT 
FOR THE YEAR ENDED JUNE 90, 1027 


To tha Board of Баталы of tha Suvitlaonian Fralitutian. 

(їннтїлмиН: Í have the bonor to submit herewith mv report alow- 
S M UM e the Smillsenian Initutinn and 

the Government brea under ita administrative charge during the 
fiscal year ended June 30, 1837. The first 94 pages contain а mams- 
шагу тазша of Ши affairs of the Institution, and appendixes 1 to 
10 give more detailed reports of the operations of the National Mu- 
вешт, tha National Collection of Fins Arta, the Freer Gallery of 
Art, the Burewu of American Ethnology, the Internation] Er» 
changes, the National Zoological Park, the Astrophysical Observi- 
tory, the Division of Radiation and Organisms, tha Smithsonian 
Library, and of the publications aus] under tha direction of tha 
Institution. (m page 118 is the financial report of the executive com- 
тайы ef the Board of Regents 

OCTÉTANDINC EVENTS 

The most notable event of the year was the establishment of the 
naw National Gallery of Art wa w bores of the Smithsonlan Insti- 
tation, the result of the munificent gift by Andrew W. Mallon of 
hia great art collection and funds exceeding $100,000 for the gii- 
mruction of a suitable gallery bullding. 

Tha equipment of the National Zoclogical Park was greatly im- 
proved by the completion, under a Р, W. А. grant, of three maw 
exhibition buildings, m machine shop, а garage, and new heating 
amd electric installations. Dr. W. М. Mann, Director of tha Zoo, 
headed tha National Geographic Socset ySimitheonian Institution Ex. 
pedition to Вишилта for the purpose of obtaining specimens of the 
interesting animals of that region for the Naüonal Zoo Тһе ex- 
pedition was still in the field ал the close of the year, but reports in- 
dicate в highly successful trip. 

B dido ы кеше ма d, erra zeabe axleknaoa 

been made in the studies of рїсёолур ан, photetropim, and 
reaction: nf ultraviolet rays on plant growth. 
Е ad 1 
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The Smithsonian radio program, a weekly half-hour dramaliza- 
tion nf the Institutions researches and exhibits, put on the air 
Вр the cooperation of the Оов of Education авд the National 
Broadeastingr Co., continued throughout the year with іші 
popularity, The little magazize immed іп conjunction with “Ba 
breadcasis, р i lar articles and reading lists on the snb- 
jacta treated, had reached n circulation of 150,000 for the June інін, 


ADWMARY OF THE YEARS ACTIVITIES OF THE DIRAGCIDES ФР THE 
INZTIIUIIONM 


National Muaeum.— The ісін! appropriation for tha muintenonee 
dcdit rod ial Iri е increase of $28,228 отог the 
previous year. Specimens added to the collections, mainly aa gifta 
or threagh Smithsonian expeditions, numberwl 3861951. Ti is dii- 
cult b> slick the outstanding aseamions among this great amount of 
valuable material, but the following may be mentioned as examples 
of the internat of the year's additions: In anthropology, а valuable 
collection of skeletal material resulting from Dr. Hrdlička's archeo- 
logical ахсалал ла im Alaska; im biology, welcome specimens of the 
Eitbe-known fauna of Siam, including 1,100 birda, 800 fishes, ая well 
ss mammals, insesba, and other forms; in geology, specimena герге- 
awning QU dietimet meteorie falls obtained through tho Haebling 
fand, bringing the number of falls represented in the Museum бо 648; 
in arts and indssériss, the gondola of the зол stratosphere bal- 
kon Feplorer ГГ, presented hy the National Geographic Society. А 
number of expeditions want out during the year in the interests of the 
Musyum's researches in anthropology, biology, and gealegy. These 
ance of friends of tha Moseom. The number of visitors to the eer 
eral Мезеш Бидэ. for the first time in ita history exceeded 
9,000,000, the actual number for the year being 228802. ‘The Mu- 
meum peblished ап amnual report, 2 bulletins, and 29 prooswlings 


зарагвїна, 

National Collection of Fins Arta—Tha nama of thin barea of the 
Institetion was changed by met of Congres on March 94, 1837, from 
*Wational Gallery of Art” to "National Collection of Fine Arts", in 
order that the former name might be assigned tò the collection of 
fina arta and the building to house it given by Andrew W. Mellon 
to the Nation. The sixteenth annual meeting of the National 
Gallery of Art Commission was held om December 8, 1986, De. 
George Harold Edgell was naminsted ms ü member of the Commis- 
sion to succeed Josh H. Gest, decas]. A number of portraits 
and other art works were scoopted by the Commission for the Gallery, 
and two paintings porchased by the аита of the National Academy 


M 
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dien s spec ы жшлш degra li 
bequest were recalled and claimed, according to the terms of 

v aches Е чам шакы Агын ар 
Y Ык саай Tha Gallery held two special exhibitions, ая 
follows: Paintings and by Thomas Moran, imalled in tha 
lobby of the Natural History Building om the ore hundredth anni- 
versary of the painter's birth; and the exhibition of the Second 
Annual Metropolitan Stats Art Contest, 1937, inchading 300 prince, 
paintings, and pieces of sculpture, by 148 artiste 

Freee Gallery of Art—The year's additions to tha eallestion in- 
ahula а hrenze Cambodian Нина. қ bronze Chinese ceremonial vos 
sel, авд thros early Chinese mirrors; three Armenian volume of thu 
fourteenth and strenteenth opniuries—the Goipel, a раат, and а 
hymnal; m thirteenth century New Testament in Aramaic; Arabic 
volumes and paper and parchment Jenves from several Arabis папа» 
кегіріз of various periods from the ninth to the seventeenth cea- 
tories; а Eixteenth century Persian volume and 3 leaves from в Par- 


the year 810 objects az] 880 photographs of objects wara submitted 
to the curator for opinion ва to ргокерайнж, ap, quality, oz other sig- 
nificanee, and 21 inscriptions for translation. Visitors totalid 140/851, 
and 10 groups wore given domat service. Three illestrated talka 
were given by members of the Gallery staff before three local 
organisations 

Bureau of Ameriom EfÀnolesy.— The researches of the Bureau 
ізугегей а whin variety of archeologi шиі chnological Мшез of 
the Indians of North, South, and Ameri. Мг. Stirling, 
Chief of the Haran, mmpleted kis ethnological report on the Jivaro 
Indias of Ecundor, and examined а number of mounds іп Georgia 
and Florida. Пт, Swanton, as chairman of the United States Do 
Bota Expedition Commission, made two field trips throngh that part 


. of the South ағаны by Tha Sotos тоша; he later completed n 6H 


page report, which was submitted by the Commission to Congress 
Dr. Michelson continued his e£hnological researches amang tha Algan- 
quiam tribes of James and Hodisa Baye, Canada, Dr. Harrington 
prepare papers ou ethmological and Finguistic subjecta relating 
to а number of tribes including the Баған, Kiowa, Navaho, Apache, 

Hopi, and Shoshonean; be also completed а report om the Siberian 
Зав эрх хэн тала, Dr. Roberts continued his archeo- 
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logical excavations at the Lindenmeior site in (Colorado, adding im: 
portant material to that which he had already discovered relating 
ta Кошип mam, In March 1087 he represented the United States 3 
at the Internation] Conference of Arehenlegirtm at Caira, Egypt. 
Dr. Strong devoted the year t» completing the report on. his archeo- 
Кама expedition of the previous year to Honduras ІН. Steward 
continued ethrological studies of the Sheahonean tribes of the Great 
Basin aml Plateau ares. Mr. Howitt continued his researches on 
the League of the Iroquois, The Bureau published На annual report 
ын one balletin. 

International sechanges.—Sinee the conclusion nt Brussela in 1888 
ef two exchange conventions between the United States авд a number 
of other comnirisá, the Smithsonian Institution has been charged by р 
Congress with the important duty of carrying om the exchange 
with other countries of powermmeental amd scientific documents on 
behalf of the United States. During the year the exchange service 
handled a total of 657,346 paekapes weighing 651461 pounds. The 
— of full and pad of governmental publications for- 
warded abroad is now 1 105 copies of the Congressional Вос 
ord and the Federal Register are sent to other countries in exchange 
for their parliamentary jourtals. Four now depositories in Swit- 
zerland were added to the interparliamentary exchange list, and 
om in Germany, the Bibliothek dis Preusstschen Landtags, Berlin, ЕР 
wa discontinued, us the Lantags тағ abolished. 
. Майота Z'eatagical Park.—The fiscal year 1857 wn outetaniing 
in the history of the Ёоо. ‘The constrection under the Р, W. A. grant 
of $592 920 of five new buildings was completed. Vader this rame 
grant, three 250-hozsepomer down-drafé boilers were installed in the 
central heating plant, the conduit system was extended to two mam- 
шай houses, and tha electric supply distribution system was rear- 
ranged. An expedition beaded by Dr. William M. Mann, Director 
of the Zoo, and Énanced by the National Geographic Society lafe 
Washington in January to collect animals im the Far East for the 4 
uM animale whith were intended for soos 

е ортош ' expedition is erpected із return ta 

Washington in Üctober with a large collection of rare animata, ай. а 
vance reports indienting that the trip has ben а very suooeesfal one. . 
Acctations of animals during the year mumbered 1,067, Tenes ву 
фал! and otherwise totaled 916, leaving the collection at Ши close of 
the year at 8242 animals, representing 701 diffarent species. Visitors 
numbered 2,535,520. including groups from 688 shoola and organima- E 
ze каа asl the Пані of Columbia, ! 

ғара Observatory —Measurements of the solar constante? 
rwdiation have been ган лай on all favaralle dnys (amounting ta 
about 80 percent of all daya) ab the эв Smithsonian сертіне sta- 
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tions at. Table Mountain, Calif.; Mamtezuma, Chile; and Mount. St. 
Katherine, Egypt. А бат was discovered in the Жегі method" 
reduction of observations, used since 1908, making it neceasary to de- 
wise a ner method, After Ын was dena, the Bald cheervors remens- 
ubel the photographic records of abeerration since that date, and 
great progress has been made by an augmented computing staff st 
Washington їй тєссспрайнад by the new тоа нх all Лны sitet 
И А. А solar radintion steam boiler (pl. T) was prepared under the 
direction of Dr. Abbot and succesfully operated іп September 
1998, Dr, Abbot later devised а amall solar Hash boiler which am- 
реа плах improvements and which halda mech promise of prac 

tical application in the future, Frederick №, Естіп, & member of 
the АЙ of the Astrophysical Gteorratory sinon 1594, was retired for 
digability at the eloen of the fiseal year. 

Division of Radiation aed Orponiems.—Tho staff of the Division 
obtained important resulta from studies on the following subjects; the 
normal growth of tomates under laboratary conditions: phatesvn- 
thesis in wheat; perfection of n spectral absorption method of manm 
uring carbon dioxide concentration in air; time relations in photo- 
aymilesis: the efficiency of diferak wave lengths of light to promota 
germination im light-sensitive Терно seed; the inactivation of plant 
growth substance by light; and tha stinwalatlon of multiplication in 
“maja клы a к У ын des ds ba МЫ in 

desa of ведите intemsity. Four papers describing: the investiga 
tions of the etait mara published during the year in the Bmithaonian 
Miszellnnecus Collecthons, and others were іп preparation. 


THE ESTABLISHAXUSI 


The Smithsonien Institution was created by act of Congress im 
1548, according to the terma of the will ef James Smithson, of 
England, who in 1826 bequeathed his property to the United States 
of America "to found at Washington, under the name of tha Gmith- 
aenlan Institution, an eateblishment for the increase and diffusion 
ef паче рв among men." In receiving tha property and socepting 
the trist, Congres: determined that the Federal Government was 
without sutherity te administer the trest directly, кіні, therefore, 
constituted an “eetablishment” whose statutory members are "tha 
President, the Vice President, the Chief Justine, nnd the heads of the 
елате departments." 

THE ROAD OF REGENTS 


The law establishing the Institution gpecifies that the three Senator 
agents shall serve during the term for which they shall bald, 
without realestion, their office as Sesators, and tha three Members of 
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tha Senate ап the Board of Regents, Joseph Т. Robinson, of Ariana 
sas; M. М. Logan, of Kentucky; and Charles L, MeNary, of Oregon, 
baring been reelected to the Багаа for a new term beginming Janu- 
агт 3, IBET, the Vire President. on January 0, 1857, reappointed them 
to succeed themselves on the Board of Regents. 2 

The ко of Надхайн at the close of the your was ав follows: Charles 
Evans Hughes, Chief Justica of the United States, Chancellor: 
Jahn N. Garner, Vice President of the Tinted States: mecohers from 
the Benate—Joscph T. Bobizson, М. M. Logan, Charles Т, McNary; 
ssembera from tha House of Eepresentatives—T. Alan Goldsboroagh, 
Clarence Cannon, Charbes L. ifori: citizen menbers—Fredaria А, 
Delasc, Washington, D. С.; John С, Merriam, Washington, D. O; 
R. Walton Moore, Virginia; Robert W. Bingham, Kentucky | Anpe 
tus P. Loring, Мантия; Holand В. Morri, Pennsylvazia, 

Proceedings The annual meeting of tha Board of Regents was 
held on Janzary 14, 1997, The Bogenis present were Chief Justice 
Charles Erina Hughes, Салљ ог; John N. Garner, View President 
of the United States; Senators Joseph T. Rebineon and M. M. Lagan: 
Representatives T. Alan Goldshorough, Charles EL. Giffoni, amil 
Climas Cannon; citizen Regents Frederic A. Delano and Ж. Walton 
Moore; and the Secretary, Dr, Charles 12, Abbot. 

The Becretary presented his anzual report, detailing the асна 
af the several Governenent branches and of the parent ши шт 
during the year, and Mr, Delano presented the report of the cxesu- 
р д ыны ныш а йа бы The 
Secretary presented the annual report of the National Gallery 
ef Art Commission. рй 
_ Та lieu of his usual кресік! report tha Secretary presented ta the 
Regents а beled review of the principal achievements of tha Smith- 
Sitian Institution during the 10 увага since the death of Beoretary 
Walcoct in 1981. In aeecedanee with the wishes of tbe Hegents, this 
ipee i ів pamphlet form, 

нь Regents also adopted resolutions approving in principle tha 
proposed ETS e рыр w W, Mellen of a collestiog of 
masterpiece of painting and sculpture, and of а gallery to honse 
then. This matter із treated in detail on pages 7-17 of this repart. 

In addition fo the annual meeting, there was n special meeting of 
the Board of Regents on June 94, 1937, at which the following 
Regents were present; Senators Joseph T. Robinson and M. М 
Logan; Representatives T. Alan (Icldsborough and Clarence Cannon: 
citizen Regant Roland 8. Morrie; and the Secretary, Dr, Charles GQ. 
Abbot, This meeting was called to take action on mattera conneched 
with the above-mentioned offer by the Hon. Andrew W. Mellon, ef 
which full details will be found on pages 7-17. | 
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ыг А. statement will ba found in the report of the executive committee, 
pam 118, 


= 


ANDREW W, ELD ARF ОРГ ТО TAR Кати 


Probably the greatest impiia ever given to the developenezt of art 
in the Nations Capital and in tha Nation elf will result from 
Andrew W. Melosa memificant gift t the American people of his 
wnerenlled art collection, a $10,000,000 building to exhibit it, ane 

| an endowment fund to pay the salurics of the directing officials and 
a for the acquisitien of additional art works. The proposal was made 
4 hy Mr. Mallon in а letter to President Rassevelt dated Desembar 2, 
| 1886, which began ав follows: 

Отег & period of талт уғата I haya ben acquiring Important анд таға palate. 
ings wml кеңірізгі with the Hea thet ulilmaiely thay world become the property 
тіле ранне af the Паң Stabe ніні be made атаа Га Dem In а нийн 
art gallery to be тінін in the ety af Washington for the perpome of 
єлвауствүїы mni Sereloping а study of the fos алта, 

En order te camry өзі ішін purpass, and with the approval of the other trus 

>i г ar Pag pian tn give (bas art selleetiss with I Ёаеа hrought 
aa to the Sitheoaian instbtzticu or te the United Stains бістегілгеті for 
Ше Dezedr of the people of Chis сонзиту, ялд! alan 1s erect or cause Бу be sence 
5n pelle laced a кин bailding for a national gallery of art, the Salgan ав 
materials af Shieh shall be sibjoct $n the npprorkl of the Eire Arte Coremlgsian. 

Following an exchange of correspondence with the Presileni, Mr. 
Mellon zade hia formal offer in a letter dated December 21, 1838. In 
consultation with representatives of tha Department of Justice and 
the Secretary of the Smithsonian Institution a bill was prepared by 
representatives of Mr, Mallon as House Join Resolution 217 ewrcring 
tha mattor. After hearings, the resolution was sgroad ta by Congress 
and approved hy the President om March 94, 1937. ‘The fall text of 
tha resnlution follows: 


Ч Kacip бу fhe бїлийн авд Бон of оврил гаван of the allied Fiela sf 
Авна ін онгар азай ий. ‘Thad Eka алта наг hy Berezik лен, бо 
айй Avere, Бүс Street, қай arth Mali Drive, Нотны, ін the Dese 
triet of Columbia Із hereby артгертаныаі La she Hrürkeselan ни шэн ний 
mis фот a Майгны! Galery of Art, The Bnhsentan Pasklbuthan is muihorizel 
Hú permit the A. W., Mellon Тестке amd Charitable Trust (Бетеге Ент re 
ferred bo ma Ба denar) in conziruct om meld rike der thy Beith тэ их 
в building £o be designated the Мал ла! Gallery of Art, нэ! іп Terza gny етінін 
Ing strüebure ànd Ішізізсаре the earls зу! л xxi] ara. Ты» ісінін aro 
шин by Fourth Bunt Ребята Атаа, Third Airini, аза North Mall 

ua Жита. Northwest, in thes Тэн тг of Coósmbin, Ін hereby reserved ая а alta far 
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мізге additions 16 tha National Gallery of Art. "let projet ший we is RO 
cordance with plane and пресная approved by the Dosmisslog o£ Fine Алта. 
en 9 [a] There із hereby emtablibed ka Eka Васа Insttutlon à Di 
гың, which shall ba Шеті by а bound te be known as the Trustees of dhe 
Найаы! daniar ай Art wed site (hereof and to execute such olhér fanetizar ал 


und shall have terms expirin emt each co July 1 o£ 1988, М1, 1001, ШАЛ, аяй 
1943, ва amiga hod by tha Board cf Regents А житет Шин be «ылан, Бұ 
a majority тобе of the nena trustees алый aball bave & lerra expiring leu years 
from |е date af the exphratiom o£ tbe term for waleh Rh predecenmor wes 


Зах, 3. Upas completion of tha National Gallery af Art. the beard shall accept 
der thea Brmiihsanian Tarren as a gift from the donec a collection 28 works 
od өлі which dhali ba baama amd exbibited in tbe Hi ana] Gallery of Art 

Enc. 4. (ат The alih of the United Seaton із péedged that, cu бы Мон af 
the MaHonal Gallery of Art by the dozor in pccordaner with the terms of thls 
Пын Eales will provide sock funds аа шау be meowmmry Dar эв upksep of 
(һе Байгаа! Gathers of Алс and the administrative exponent aad come of орага" 
Hom. thereat, Бич йог the pratection and cart of works of art ВАНЯ by the 
board, se (kat the National Gallery of Art shall be aL ай tina property moln. 
шей ard the works of art сотай herein ал be exhibited regularly по the 
peserál PASE free of change For these Dar Dahi there are berl authorized Ёс 
Ба appropriated marh rura ін шат be rai; 

(b) Thè beard is authorised to accept баг tbe айына Institution анд 10 
Bo] and ebménizivz giis, beqoesta, ёс Arisna of money, юмтай На. Gr Other 
property af тілімшелер character for tht benefit of the National Gallery of Act. 
Тана cereos restricted by the terms af Che gift, bequest, or devis, the board 
шашин! ip ІНІ or exchange алый іс lerari or тетін Ha euch EREP 
ma ЇЇ may debermiza Tenan tle іп tines the maa, весігінге, or oiler properiy 
composing brust Panda given, bequewihel, or derlaed tà аг fer tha Бевейг ef the 
Зайн! Gallery of Art. "Tie Шихнэв ал and whee colexbel shall be planed Rn 
әке degasitarion an the board shall determine asd shall be subject іп sireil- 
ture Br бы Beard. 

{е} The алд kall appoint көй fix he corpenaa rion anal dui of n dinecinr. 
ап axistant director, & шытғінту, and m chief curator of rhe Hational Gallery of 
Art, ani af тігін other cfowra and employees e£ the Мағына) üakery ef Агі аа 
may be pewaxary Яр ibe edial adpalnistraticn c£ the funcilons ef the ard, 
Бвеһ director, аланып rear, secretary, eed Chief CurWior Eha be compen 
amizdl from (cust Punata & mala to [ba кей fer ibe purpose, ani] Dir артады» 
жағы алый lalan зза rest be айз ба the «іт чага awa от the Сааба: 
Шоа At of Өй яа завыг. The director, аала ал Шаг, secretary, amd 
chief curator shall be well qualided by experience аль! training Be perform ihr 


OX 
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дунзэн of thelr ofthe: and the сс га! agpilnbeent dà kil mne abs кені be 
guhject lo tha Bpproval a£ (he dort. 

(d) The actions af the board, ікіздікд any paymant made or directed to be 
munde by |t from any Ге, funds, sball pet bu wubjeet ге review by апу cicer ct 
арекет Шыт than в еәнгі af law, 

ec, (m) The beard la nuthozised 10 adopt an сё сал seal which shall be 
jodisialhy msbleed mn tû make sach bylaw, roles and тыспін Бол, ав l decns 
тәсектгу for the müminisirallon of Ite fonctions meler this Act, Inetadsag, 
among other matters, bylaws, rales, and regulations relating ta the ecqisitios. 
exhibicion, end Їсан: af works OF art, Шы өйтінініта e£ ibn bret Conds, and 
ihe огдал тана and premieri sÉ Eso bini The beard may forctitn sobwirk- 
stundizg wecarebea sad three members af (he board shall cosatitute & цэгээ 
far the: [FTE gE Оно, 

ік! In onder that the collection af Ehe Nathan Gallery of Art thail always 
be manda trasa üE ü high standard алый in order bo prérész EE izbradsetion teres 
of inferior werka of art, zo work of ATE shall be ийн іп the permanent сой- 
lachen of the бата. Gallary af Art ппіған it be af similar high standard af 
шил to those In Ekê esllectian enquired гона the donor. 

Феу "Tha beard skall Bare ali the ата! powers нэ! obiigations of ë trustee іш 
mempect of all treet Funda идшиглингой by it алый all works of art moqeined Бу 25. 

Га "Ta boami ван әжімін ba the Smlrteanian Үзэн ап алыша rupertt sf 
itx operations wader this Act. тігіп £ detailed riniement of all едін осин 
asd lans of werks af art aad cf all pablis and private rmasega received amd 


Hm в. (а) The Сошинайхаага of the Léstzict of Colombia ыға bermiy aniier- 
jesd вай divested Ба glase Sinib Brreeg, Northwest, within the Їнхэндалїна of Ehe 
ань Тог sha Marienal Gallery of Алі. The Nationa! Cagital Park amd Planning 
Tamê kelan ЕШШ determing e ШШШ Шин ao) approve tbe plan c£ ар 
prestes for said gallery, авд shell alao mala recommendations баг the miiti 
ing and воюва. af Third, Бєгєль, Kirti and auch other miepëba Tn Eka 
азер їй тар be necemnry а for Ши ira Whe 

{вй Rewtion 10 of the Public Daiiding Act, kppewved March 4, 2019 (97 Заах. 
L. p. 883). melatimq үр the George Washington Memorial Bulking andi «Л рэн 
visions of алт mrmancdatarp hereof, are bereby repealed. 

[eh The езінін banman of the Зайїїнагйал Insüturiam селт designated na n 
pation! galbery of art aball імггайет be Етынжп ax the Майы Солы of 
Wiss iru. 

(4) The fifth paragraph ender Ња beading “mmlihssrkan мі In the 
Indeperinnt (Мыза Appropriation act for the fid pear 3/54 арртатыі Feb- 
mary 13, 1008 [49 Seat. 1, 1956), renting to Uh erection of а malisnal қау 
e art, ің hereby трой. 

Approred, March 24, 1887, 

At a special mesting of the Board of Regents of the Institution held 
en June 94, 1887, there were submitted coples of a trast indenture 
between the A. W, Mellon Educational and Charitüble Treat, tha 
Himithsoninn Institution, and the trustees of the National Gallery 
af Art. After consideration, the following resolution waa adopted; 

Бодоод: That ERA trust indenture Tecwyen the А. ТЕ. Wri Қоса са! 
р! женш сиг алые ТавикоНаа and the Urea of Cha 

өлігін! Gallery of Art, а draft тінге Das been prevented at Ни» изыш, 
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wm] berehy ің Пігесісй іп be irked іп ihe mismiy tek of the egenis ims 
іші the Secretary of Ши Imstitutloa De. алый hende be ің ап Баг най алай dH. 
peeled do тые ик umre, Ін telplicate, In ibe шеш and onder the compe 
pue mu] of Шин Inedbutlos, and upan ie dee execution ана by Ehe ether 
parties гийн LG make preper delivery Dereyi, Ы 


The full text ef the trust indemtors За ng follows: 
TRUST INDEHTUBRE 


Dated the БИ day af Jura 2087, and intended bi be ытын тарда Hat байс. 
although erscuted by the paries hereto on varices ether daban br, between, and 
among 

Ailee TF. Mellen, Pari Malien, Шова Ti, Shepard and Darid E. E, Brace, 
ms Ягали of Ши 4. W. Mellen Exinealienai and «һата е Түтіні, аід Бай 
undar ami hy vinina 28 á Анн ef trust ef Arlee W. Mellon to wald trustees, 
dated Тийн 3), 1880, parties of the геі pari, іші Berrinafner sometimes 
referred to us fhe “ТИЫН”: 

Бах! аль Ехэ лол, wn establlahzsers created mnd existing under amd by 
Tae Of kı Act of the apm of the Unis] State sÉ America, approved 
Аяған 30, 1644, party of the second part, and berelnafter referred 10 ав the 
Тані; ara 

The {тийнш of tbe Манна! Gallery of Art, банана aniis жы) hy virtus 
ӨГ а Joli Thsachurien of the Coogee of tha United States, ега “Fant 
Жакон providing fer the Construction and Malnienanes of а Каавал Gal- 
су of LFL” approved March $i, ЗӨВТ, parties of the thini part, and hereinafter 
восита referred po ав Dhe Tressa" 

Тегей in December JPME by гартала beta the Prederi of the 
(18561 States of Amaria and Andrew W. Mallon, the denar pevgeeed бо give a 
сыналып of works of art for the bereft of Ekê people of (he Unlied Hiria of 
Po taa, ABA tš cxtat іс be erected on public land a suitable building in which 

Leona тавь guck collection, copies of auch cornaponüenee being here- 
гре рин ыы мы 

Witrin mbi ізі euin af the Gangem, there тай tal lake 
aren In the Bratitution to ba dineted by cha trustees, КЫЛ provision wan made 
fer the sonstrectlon of said baling. the acceptance of а collection of werks nf 
ETE Af й Б Степа Гыйз dicar and the erbisdion tbereaf and af other anproociada 
Peer the а SAM bulking, and Ekê adzizisiuHon Бу the trustees of най 
ТН, Ис ood conien theron, ктай El 
ын бы ме вм Ни гүрэн miie anl afela that pertáln 


бассааагу fer the upkeep af the gallery amd the administra «Еген s 

CORA of aperation themed, les ap r= 
эы : жоса Шы) protection amd cera ef тағын of art 

Хүн, EER, әнін IXDEXTURE мгтэтаахүй : Е 


— 


"ТЫСТА ta 





= 


: А 


ЖЕКСЕПЕХ ОҒ THE ATMAK барак Р БЕТ 


їп mccerüares with fhe previsanz qË md іні ыш of тыс Geogr, 
the Kalin Hes hereby yerum» the donor b» conwirmet, asd tha demar kereby 
а Мега 06 peserrmet fer De Шан ион, m хи пар іс ba данірвабей amd birti 
after referral to am the “Machol allery af Art" арап (hé amem bended by 
Berani атан, (олана Атаны, Ролан Hirai asd Herë Май ить, 
М. Wa Em Нэр District pf Columbia (being Ghee sim appropelaba] Dx Des айн 
man Бу ваја jsinb ғанына), and 10 тіспете anp өх ай sbruebare вээ! [o band. 
ape De Grinds within вайа anm, All In одали wit plasma ай Ерөл 
tans pppraved by the Сарана ef Pica ira The buihting line нь! plasma of 
appaia far gia ballding авай be арры bg the аы барлы! Park 
ата! l'iznsming Gommlesicn, The donar, Іп Ни wncontrelled diseretion but et Tix 
тып exper, shall engage much archlisctm, coriracéork, builders, ami withers, ated 
dhall iae er cause do be aa any and every other аспап meotemgy cr в 
visus ln сонғы Шот wiih the sonsirzerien, амлан гн. egalpment, and бетін. 
ing af maid Бар, amd rhe lnndaraping of aab] acea gps whi іг da ense. 
The donor shall [йт аш eia алы] втрата dn connection with, or Ба! im 
вай project. In по event ашай пїкїйт nc circumstances aball tha Tmatitrrtkan ar 
ibe танк be rexponsiBie от айж fet any рал жі such сон! or тээв, wd 
the donor aball Шынын алы! ave harmless Cho Шы ял! die tition 
Erem шау and юттгу Baby тінінятет with тейеш to anpthing dese оғ 
авна rA Ва dara ів онь нв wt cha гатгүїнд ва BÉ ва praet sr any 
part thereof. "The TnatHuthom amd thee mesio аге expressly сотой, of апу 
IAM EDD. AME im АЙП Cu тэнэг кай qutm 
Қазы тын в Or нен. Rail project shall e commencn! as mon after 
(he тугай он iid delirerg here ka. bı the Іліктес of iba donee. ihe гээвсчэви гт 
piana ES, рута Te сап Le eee and Є СЭН), ний wi Ee 
proceed wil йн бЕрейгімейк ва, in Ше ренішін of tha doner, Шы тийн са 
ча the werk can proparby вэ, beet is the balldieg La of mesumenal ckaz- 
acier amd la Inbended $n have autstnraling architecture) merit. it Dz өргөөд that 
тайна калай ің man JH big, ктай ma "ena far {ba Anil ёагийн Êê of tha Тахлын 
балы be бей. ля and when sai projesi shall be finally cenpleted by the con. 
шилийн. мүшелі, wed furnishisg of mbil balling ктай the nmap af 
writes noises hereof Do на Lott ail Шы ee arah Шайа, жы 
ent Énriber isilen hy mmy of ihe piris berela. Che Regal Hile da alê ни Їнэ 
Зай be deemed po be vested in the lnedtstico, bus ibe malutenazes and ай: 
хадна гай ин of зан! balding amd of the alis ahali ba tated кктіпшіттір [m, and 
bill bs the mole chlhpalion aod duly of, lhe Войне аз ú panite bureau of 
ЇЕ Тан пин. ard disünet from the other activities of the Tuati belas, which 
аге Ginger Тіке îa pee of Ins Piel xf Regence, 


EE - 
хамык OF QALEENT 
Said gallery адап be kepre and designated perpstualiy аа the UNarional 


Gallery p" Art", ta which the entire рес sham firir Бате attest, ішікі 
qlr to reasonable rewulstiars from tinus ір za киа by ibe блики. 
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The denar hereby given te the Inetitutbon amd the Ereba, алы] Whey hereby 
aceept from the donec, іа trast, however, for the nana and purposes and subject 
te the реттініген and сот сая hereinadier тергені, tbe collertian of ков 
of art Mebi in the schedzl berelo анайы, made part егесі amd mariel 
"zb L" 

ІТ 


плат оғ баасаа а BF Е KATINA йл ЕШ OF ANTO 


Peniing Eka completion of the National баегу ай Art. m collection of works 
ан ramis i B uir qe Sm kima. Dearing mei period at custody, 
abs болож ТЇШ pare Scc ап 8814 works cf алі, кой well кетер i Gaga ігаптей Ez 
firar of Бы ги на ав wed the ітініген, as their respective Interests gray appear, 
against kw or damage by fire, theft, or burglary, Re wach алынсын and with 
жесін parches as the doner, dn ita Йінетесін, may Феба, lf and dé Usa extent 
that ech вепгипсе map be obialnable. Ты diode aha fi рар ШІ pastu, premis, 
кыл other charges інен to Fuch cipa And Inam ras, Upan tbe completion ӨГ 
Еа Кайіссе! Gallery of Art, ВАЛА collection амал be delivered dà Шин treated (алы) 
‚һай Ша recala weder Пийс exeleshue control 


Y 


Feeikwiik ven he excent]on апа delieery beresi, the tiie io вала qollerifin 
ef works of art shali pars to and be rested іп the Eoetingtiom, ‘While it ін the 
Hubemilon that Lia ЕЙІН 16 8524 werka of art aball be forever vested in üh Таар: 
inten, pet iL im ай нв іменіса of che parties hereto, and ible gift Is made 
epos rhe erpeess underünnding. agreement, and rust, the Primi ad acter che 
ia Hêga of Esa Мандал Gallery of Art the авлаа! comedy, eosmtrol тагара- 
нші ал exhib Wie of sald mario f arf, ав well aa of аты other works cf mrt 
ñE. ЇЕ аралда за with {Бе preria of eel jalot Feaninlira, from tine be Е эй 
muy be bossed ar тЫ Ёл жай Motion Gallery of Art, and all Во Саты 
тегішіпіге lbe bill be, amd тент агт, deed са anî тенізі HHT, 
wrriaw|=r|z arl Ётги+кг fa Ес trustee, 


YI 


ЗЫН 1n the walî providers of thle section VE, De acid collection аб 
Fi af arb skal] allwiya һе Кері de qb Patil Оз ғғ ӨГ AFL юм їзэн 
far most соркгл pramona therefor, such az repairs ta maid Їїний от said wanka 
44 wr ar wexperary сав af mars of mach works of ast тіветімгге, and 
then snp with Esa: pries approval of n rajezirr a! {be жена таарлаа, ай Eh 
train TES works of атк renin ag sabl collection shall receive інісін tare 
and ажил from iene 10: tira ян лал) be cere for thelr peeservailom and 
чам эв, hal ааа ін cabbie’ іп mld Милл Сангу of Art in ярасізпя 


+ 


775, 


ээ. 
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arrangement so that тіге Ing will hà атайды, атый aha штата ba dispiaped 
with dignity, in appropriate заа, with толас apî нь! web det regard 
те {шейт importan Am] quality. 

While the paris bero ргеніт гесервіге ibai all the works of art can- 
иНЕтїпє mld сонына ата ад ктей high saniami nf qually На IE de aan 
аі that euch collection perpebually remaim inizct asd ba а part of Mur pare 
тийн тийн om exhibition in tbe Nadiesal diallers e£ Аль, вм! much ds 
the purport of this üpdeniure, the болот кі the mame ime necegnises the гай- 
кі 44 реггезпашу Tareelosing any discretom in She irusiees dz regard 
bs Пе 4вирсай аа of sry sf tha warka af art спа атн сойно amd. 
чынна, tbe ener алымы and smparers the trustees, bel saly про 
Қы prisr approval af test Dese Shan Тағы-Птагтһа of Phe әлгіге membership nf 
Бы Ermibers, Do exchange er otherwise нүхэн of any ралпістйағ mark of srt 
Phan a past ай вада collina, if in wach exchange or by reason of wach ether 
disposition the trustees apa стаей із Al for the анчин, de ba and 
benune & тегі ef Шы: collecüon under thls Lelia ire, көне olor work of art 
which, dn Ғы айхаа! of tha Fiat, Wael ba a highly бийг йл агра 
ва uh collection, Рот нган, Ehe decir remia that with tha passing 
ef time |t may come йр ba Шерім by ki east tirewe сага of the toie жиг 
bersbip af tke Еголірев thet some реттігшіг werk of nri (hem соба а 
part of said collection, bas become urauilablé lomger to remaln ва в part of 
xmid collection, алый therefore: tha disor provides (hat in (he vest thit, in the 
upinlos of вт kart Eknee-fenriha e£ the entre meribersbip of gb їгин хєл, RE 
particular werk af ert then & part of вай colectlnz ін not im keeping with 
ғын соеп as а whole, the Егенімен ата nrühocimed and enmqpewrred to malke 
aueh dipositen there? am they, іп Шыр uncontrolled discretion, ава derin 
mirisa bls by anle, вы 


WIE 
Е DP алт 


The Nacional (Gallery of Art айл be the permanent loonie of the mi санн- 
tion of marka of art БНН given by Gee donor, ФЕ Цан bs used «лсілкіггіт for 
the storage mural «ав ув ef works af art and tha Би агт Мэн e£ the Eire 
of the шингэж, Im coder Кың быр geliection of the National Gallery of Art 
shall архаг be mairies aba high rikdar вл da preree Iba intnslnetléd 
chersin of Їшаг рс works of ri m werk of mrt shall be Іей in be pers 
штен! сїїн of ihe Масса Gallery сі Art айгаа dL be of sumar Bip 
tad af qualliy tx these іп the collection hereby given ky (he fence. Tha 
bulding soi fhe comienta amd oseratiuna theres? shall wt RID tices pomala En 
ihe eclogite јаран вай centred af {he Eres Їй accordance wiih such 
by-law, rules, авд regulailons аж they from time to Time shall preserie 

Te йа кз expen сг: of the Ea of нам! colectien of works of art, 
жетгі етеін, thet the fikh of (be Тай Ва Ба ба pledged that, em гавр. 
ihn of Ee Мана! Gallery of Art bp the Soror im meondanee with tha terra 
af anid jolst тєв ов aed the шардағы from the donor of tbe roDeetien of 
өйте of arî, the United States will previde euch fonds as muy Ба nectasary 
Фот Шы арын of Eka aneza) Gallery e£ Art amd the айшїгаэїгагїга EI ODE 
йшй costa of рагай ibereel, mining the protection: aol cape of warka of art 
mruzbnal іт Шэн Hoard. zo thet the National Galery of ATi shall ba mk all Eee 
ргертгіу maintained) алый the works of art бепан qaqata shall Bë sealed 
megulary to the general public free e£ charpa 
= 
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Ты croton shall abwuys be nat eem Бап гӛзе pereoese, of whee а nüvi, 
dp Xe Жаған яз ставь tata, abel) be alee әй (be Trmibei ініге oro af 
ihe Imsükntom, gat, and of «edes а majority ta Le known вл general 
trustee, Юан ba chimar of ibe Unified Майға none of whem al the (Eng Г 
кіш ar Her тістеп b» nha gise of general trzxbos shali ba xn О аг or ешріютее 
af Ша Пашей Srabes of Алекса. Any vackncy Ён Ds ae of general &rusict 
hr гьа ағ Ph Şima Elen af the perm. Death. ағ тезіпте деп of the Pscumbent, 
gr Фігаро bosgeesgr, Шой Te Шам Ly che section af om competent parsen 
bF a majsriby of the rernalming general bree 


ALTERATDOS QR MODETIOATIDO! cor тінін AiR iM 
Жаа, 
(ер Durnmg tbe erisia of the donor 
At amy time and fram Шинэ to Rime henraforr, With ihe comerül of Ds Їр! 
tutim, the irusimem, prd] dhe Renner, kla drusi deniers шау be albered, нм ВА, 
er пршей in any respect WüaizTer. ns the раганын Бегіс шау deem 
атлый GF тызыл, whieh ЖЫП noz b Eneoraistent with tha genem] par 
poses ard scope c£ (bis ган гэ їг ami e£ gha sd ill pesolutisen. 
(B) АЙ the Dermüralioz of Шыз donor 
White this traer [mdenpere ін enzered beis hy the parties hervio eli Ве 
Intention, amd JE De tho purpert eee, thet Ене їгийн! berby ғгейгей ball 
bà corel atrbsly "B ағаны ЖИА Ғы demnm, ришти, алы! rmm 
Өлікті of Chis federe aral of нэ Jalrit тэх ол, the parties hereto тк пй 
На ани Иш e E Мин Бай MM MERE MM P ялиг шин, ail 


ibe dense that the Кока! Gallery of Ast т lacinding 
ihe аста хїї gi morka of art, shall пї all dine bg атаа о for tbe 
bero! гі eet at БЕ publie or шипа ова or звела, тал heer "ЕНГ 
at or баана рғотійей for in ghia [mdenture, map amber & d che peeper 
admiristreton of [his treet шат тшге anch сосын or ЕНПайспн do be 
properly and prartica"y dealt with, ard coneequeaily, ба porting bareto apres 


the өше memberE of tbe tribe and Uere feret af tha вете reme 
па sr other ay солир цн! gereg dF зі the Ши ЕБ- 
fhe әріпін (hai Da prier property to administer the За км! 
nnd cha aie asû content Бағын ба the internat and For Eka 
pablik, thie indmture әй [runt abogk] bs akerê], шы, єг 
пи ан тонгесін mms nf Tim bere, тетітініггін, ap сон Ц авж іт яв ka 
mippiemenind so йш addúqúmieby to ргетМе far nem коса са or ala Elog, 
bg: and in every жә event the oes, with the approval of аң Beast hie 
Бата ûf the ёс ий mernberekip aP ҒЫ) irnsleen, ral the Insilénillen, porini 
Яв approval of aj let (гран of Iba Hird af Берта or oiber doly come 
Ніні npiharitw shall have the right, power, ДЕЙ anthesis, by inpoleméalal 
indenture, ба еЙесі алу much alzerarkwn, позе гуњ, pr шинийлний berted, oc 
терпіктегші Засгаа, рапії however, tiat no саега ын. паа сага. oF amer] 


E 
шиний сх Шин inh lee, се ирт карри thepeof. shall be made whi 
| shall ba їп vichalbon of the provisions ef sab galmi тамады ûr af авт future 
! ett of ea FTES гах іс the КаШсаай Gallery af ant: алай provided forther, 
! thet Іп no arent ШИ! amêr ma rirneunubimee shall ibi trast daderripé ba 
altered, танӣ, amended, ar ир лтнллнэ! ax respects che provisions of article 
i ТІП bersh iE teeing tbe imtention and ой af Die тіргеін гое ана of pha 
i тайа by tha доғ that thè {тп berdy ermilel kall 
| Be ёнган y treaties на на in accordance with Ge ратая of 
i article ТІП bif, 
| War the purpose of thin soctlon TX, the А. ҮГ, Мейов Епкийгаа! аты] Char- 
1 line Trust shall be comelusirrly üorzwd to hare been TeTminated Ef Durga 
fosrtka ef thé ending membershlp of the ігініген, after шы балела inanirp 
ї üm Khay shall биш bz Eq ОЙСОН, Ehall bes of (Bé opinies dhit жоғы {тти ma 
linger sariinnes Fa psta m 
DO їп witness wieren, the А. W. Melon Eéoxaticnal алий Charitable Trani haa 
таный thin imieniure cf trust to be executed by Pe binis ёл кезін of the 
! езана Phsreaf. iha Hmniihmenian Тпайгайса, purscant b» ü гено нош duly 
adopted by Па Ноён! e£ Нуругйн, has caused ihis мешітте of rrust іп Te 
xigmed Br Ira обе meal м Ва lernpéa Ered By Da һыттыағы; Юй the 
maibee Gf Tg Nagel) Gallery pg Алт Бате фалыны [lia dpüienbure of гэ to Tw 
Eee by [he lanis ani кешін ті the тийн, all na nf the бар and Tour 
Smet ubere аған. 
Ti А. TW. MELLON Ұынатваназ 
іжа Curie THFT, 


v s 


Гавал: Ur (Ere) 


Eg Eimel 
СЕ атына) 
(Bigned | 
(Blgsed] 
ыт 
(Signed 
СЕ 
(Етке) 
Ll gni] 
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Azxpurw W, Meccan, 
Гати. Hens, 
iomram T» Anean, 
Ihre К. E. Настт, 
Жынтибонын Тате, 
© G. Am, Ёссгєёагу, 


Ненат Мейил, Jr. 
В. 43. Amr. 
A W. МЫ, 
Dass X, E. элээж, 
Dosim Ритазіғе, 
5. Ғликти OMT, 
Donus Ті nesam, 
Treploce facro. 


At the same meeting of the Board of Regents the following gentla- 
men were appeinbed ag general trustees of the National Gallery of 


Ari: 


Мг. Бепаһі D. вєрагї, fer the perm explripg Joly 1, 18201: 


нь | u- RÀ! 


— o 
1 


Mr. 8. Parker Gilbert. for the term expiring July 1, 3941; 
Mir, Dansim Philipi for the torn 4xpirisg Телу 1, Hd: 
Mr, Darid EC. E. Breh for Пыр term expiring July 1, 1948: 
ұғ. À. W. Mallem, far tha term evplring Duly 7, HT, 
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Following this fizal step in the consummation of Mr. Mellon's gift 
to the Nation, work was started promptly on the preparation of the 
sie, "The architect selesbed for the building by Mr. Mellon was John 
Rosell Pope, the architect for many art galleries, museums, amd pub- 
te baildinga here алд abroad, iscluding the National Archives Baill. 
ing, Ceastitution Hall, tht Мазетіс Temple, and ethers іп TWashin- 
ton, According to Mr. Pope, the building will follow tha finest tradi- 
tions of American architecture amd will be carefully scaled En pro- 

with the surrounding buildings. Construoted of marble, tha 
gallery will ba #20 feet long, about 850 feet wide at its greatest width, 
with the central dome 150 fret bigh. Мг, Pope bas assured that the 
building will incorporate all the best features of the world's art 
gallesa, and in certain respects will ke in advance of any existing 
gallery, notably in relation to lighting and in prowision to lessen the 
fatigue of visitor. 

Regarding the collection isl, which will ba installed in the build. 
ing upan ita completion and which will form the nuelenz and estab« 
lish the sandari of excellence of the Naticzal Gallery of Art, the 
following brief description was given before the House Сотов 
on the Library by Mr. David E. Finley: 

Mr, маңа Las ча таа р thle relleeilon fer more them 40 кейга Ht Ва ый 
lange ал Tarî Lhe Gober of істен. Të сал somthing like а Essdred 
paintings by ald masters, Hut praetieally ші are imgertast far Mr. Melon 
has АНЫ to Бар net only тайда by the гэх ай masters, bat also the best 
examples af thelr work obtainable ka a гені, everyone who mes the collo. 
tinazê mamy of the prewiesb experis ін thls cowshry атай Fora hate ibn 
Iria Царгсаасд with the exceptional quality of the plcturra. 

Та range it орчих aH the important shook of western European painting. 
The Talian сінеді ін particularly well represented by painters ыкъ аа Марзан, 
Perugiso, Ванны, Fra Angelion, Titian, fellini, Antonella di Mesiaz. ord by 


the GR Gece, which Lakes the colbectlog Back te ibe тесу кншев of 
жаыа ап Ebak will prora rere тайзаа Бо siudcnixm 


wih the Asweneclatien Ge Jan тап Epek, and ¿mikralng Ebraegh FTG 
Фин, Wager тап бег Wardin, Memling, стаей David, and i 
Ewa mipien: Шерна fram Ehe Наттһаға ПЕТНТТ end thes Vas Dec, 
imig the атара ñu роячғаіг, раїнрый a dema, of the Marches 
Bast 


Iz iba Ентісі seheeb there ата жетегі! cubximndimg жіптерін af 
аш! Fauna Hals and three Wermeers, às weil as meveral DHobbenmas кіні works 
by Terbasg Mijo, АНЬ, алы] aq forth, 

Tie Браца ра шарж include ihres pertralés br Velaeqoes, оге cf Горе 
Шана X feom the Hermitage. Being рата rly lpeerant There ата ali 
Dose Фая: andi Гага El Grecos, while the erman and Fresh palntings lel 
пий талаж am fines, DE, asd harin The ПЕН шїнай Ін quiin 


| 


"m 
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largely repressed) by тгогЕн of Galneboomoagt, Паланча, Нишйпга Ramsey, 
laure, Hepier, Turner, and Газны, 


галт amd mould be мінезі, сета йі ганг, in ina com ініні. 
+Ë ibe Bassi of Шш porirajia whleh have fhe гах! ан ий meri will 
йі бийг place dn the ask galery aad will 

Ий arg of the pipkbesrrh watery тєргөвалый Ёш the адына. 

There is Нән coe bèr matter chet Î pros! метке, Mir, Мен на bel 


їнэ: originally Ghat Ше gallery Шаный be for plunge only, Then mn oppor 
{чї cones bo bay the Deoerfus са өч аа ef Нуллїнаалаа anipezre—a cde Elta 
that bed bern la the making Ez, Parts fer miny гейге amd incioied «уа їшлагы эй 
Luca dette Bobbin amd ethers, Metarally, each an appertumity could not ba 
Tefused ped be negre these sculptures, He alan хэр twa тегу inpestast 
large bronze by Seneevisn and a Meccory by Gleveoel da Воров, all of 
Ёа. 

This report covers only the year ending June 30, 1097, bat to am- 
ticipate slightly the next fiscal year, I mest record here with pro 
found regret the death of Mr. Mellon on August 88, 1997, and of 
Mr. Pope on August 07, 1087. TE ia indeed tragio that {hein ілгіз men 
сал 10 set kawa lime ts ава iha completion of this эрез го] — 
a remark which will be repeated by many of the millions of Ameri- 
cans whe Tri иште years will enter Hun айтал Gallery of Art ta 
benefit. from Mr, Mellon's patrizale gift to tha Nation. 


FERSEN STL QOULDERT IF АНТ 


Cm March 15, 1831, а joint resolution was imtroducwl in tha House 
of Representatives by Mr, Keller of Illimeis to саба аһ. а Smith- 
soniam Gallery of Art for the proper housing amd display of tha 
national collections of fine arts. Those collections have been. in the 
custody of the Smithsonian Inetitution for mamy years, and since 
1080) hawa bees administered by the Institution as a Gerernment bus 
тема officially designated the National Gallery of Art, Lacking а 
building for their рий exhibition, these valuable art collections 
have been shown im the Natural Hi Таар of the Ueited 
States National Манила, With the om іп МОТ of the new Na- 
tional Gallery of Art as а result of the munificent gift of Andrew W. 
Mellon, the Smithsonian gallery was officially renamed the National 
Collection of Fine Arta. Tt ie for the proper hosing of this collec- 
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tion, now valuad at approximately $10,000,000, that the present. joint 

Tha reanbstinn sets nide а tract of land on the Mall betwoen 
Twullth and Fourteenth Streets and Constitution Avenue and North 
Mall Drive: creates а Smithsonian Gallery of Art Commissios to 
authorize ihe appropristica af &4 800,000 fer the building; кі мге 
Тева annual apprepeintions for the maintenance of the gallery; and 
alates tha policy of the gallery ва follows: 

Bre. T. ПЕ айай ba the policy of the gallery to maintain a worthy standard for 
in foster by pelk ЕНИН: from ин bo Haê in Weeblngeon mil lher parte 
гі the Таньд Habs а. crewing polis appreciation of вте beth of pami aud бог 

Eine: вый further, mm funda are атаба, із énéscrage the de 


the Пертия алый Beerelury of tha Smithsonian Tzatitulios. 

The resolutics did not pass tha first session of tha Seventy-ffth 
Congress, bet. it is hoped that favorable action шау be taken at the 

For many yours the Smithsonian Institution has urged the oon- 
struction of a mmitabln building for the housing and public exhibition 
of the mrt collections belonging to tha Nation. ‘These collections 
сөзінің many works of art of high quality, mainly gifts from privatn 
citiznns, and there is no doubt that many more such gifts woukl be 
made were proper exhibition space available. Ая much of the col- 
lection вл possible haa been exhibited to the pablia in the balla af 
ibe National Метт, bat tha available epee there was not specifi- 
eally designed for the display of art works, and im spite of being 
overcrowded, the apace is entirely inadequate, so thet many things 
which should be cm exhibition are forced into storage. It ia the 
urgent hope of the Institution that the proposed Smithsonian Gallery 
of Art may become a reality im the near future. 

Te will in һе sense be n duplication of the newly received National 


if а suitable gallery were available. 
ETTI rae Балай гюНАМ 


The Bemithaenian's nawest metivily, Ин weekly radbo hrosdcaxt* in 
cooperation with the United States Offic of Exdwcation ав! the 


ыг" 


ms заан 


ш 


National Broadcasting Ca, has now operated for а full year, The 
series, known as “The World is Yours”, ws initiated by the Ofise 
of Edwestion ms part of the radio project of the Works Progress 
Administration, Da pena кыю иш к аы арчин ae 
Stetes more of the wealth of knowledge and vitally interesting in- 
formalisan en the carth and Тія inkabitanta arwilable in the lnbora- 
tories авд exhibit: halls of the Smithsonian Instibation. It тав 
further Se re experiment in educational radio 
ta determino the meet nifective mers ef presenting to ú Nntion-wide 
sidien solid information in a form that waaki hold tha listener's 
interest. Before listing the tithes of the broadcasts and tolling samo- 
thing of the аша of the series, it may be of тийм to describe 
briefly the saries itself. 

The character of the series алд the subjecta to be covured were 
worked owt in collaboration between the radio experts of the Оса 
af Ednsatiem and the Smithennion's editorial] office. The beue re- 
quirement was that each subject must be presented іп dramatimd 
form, Radio lectures and Час лаа have apparently failed to hald 
the listener's interest, but dramatic incidents well written end pro- 
duced appeal to listeners of all age groups. Tho subjects to be 
dramatized covered all phases of the Тан ов sctivitics--science 
in all ite branches, art, inventics, and hizary. About half af tho 
year's broadcasts were on Smithsonian research activities, the other 
half being based on the exhibits in the National Museum nnd the art 
galleries under the Inslibulica s direction. Tho various subjecta were 
carefully pluris] to come around іп fairly regular rotation, ay that 
thone listeners with decided preferences Tür oie от асниїнын feelers 
сон ешш on hearing their favorits mabjects if they listened 

The sahject once melected for а particular broadcast, the Он of 
Edwcation's expert script writers conformed with the BSanihaisiam 
aufboriy іп that field. After preliminary research, they then pre- 
pared the seript, which was carefully checked by the Smithsonian. 
The seript then went to Now York, wher lt was produced by the 
Matiena] Broadcasting Со, in their Radio City studia by n selected 


eat, 

Beginning on Jude T, 1886, the pories covered up to June 30, 1957, 
the following subjecta: ra 
The Gmiihscolas, ami Fama Txklbliz. n Tuma T 
Beles tits g; а штата = = = жи. dA Jura 14 
Tha DiD. sno- ma mam am an amam mr a e н= == Jure 21 

ыш шшш: HD E Е шт ш ээн ee a mm иин MOM ш e mem ma ш wan m ш иш Ни Ш йй: шыш Juns А 
erisa of айй of thy White Hei... а-аа aa a na Pug 8 
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The Muman Side of Art. w E Em = = = =s umirr== ss asas mm 
Май... ивы sama ma aa am аена 
ТЕРОР анне неее ава Е шивээ РИ 


The Stor of Mun ln. Алин... MÀ MÀ Pee ин 
ТесШға 


mommoe = шш = = = шш i. m omm 
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From tha baginsisg the broadessa were заррїнигилый! by brief 
ihestrated articles on the subjects covered, at fret ней іп mime 
graphed form, and from January on, printed aa а small monthly 
magazin. Copies were mailed by the Office of Education te Шова 
whe wreta іп te request them, and the demand for the magazine 
showed a steady increase, na follows: 


101: MN 1 
Шаппагт-..--------------- M En. — —.— Шаға 
Pebeugry.. ........ .......... Қ (00 "ri m——— 105 БӘЙ 
Mth cesses cesses TA. 00 Эг... lll a ТЕ, 200) 


The ашгейаа of the series ін 18: їсайны! by the enthusiastic approval 
ef the listeners as тойны! іп the more than 160.000 letters received. 
This nlmost unanimous mail approval із believed to be unique mong 
sustabnlzgr programe арий 1а very gratliying te both dhe Institution 
and the (Mice of imation im justifying thelr efforts toward better 
educational rafio. 

І wish again be express hero the appreciation of the Institution to 
the ОЖсе of Education and to the National Brüsdeasisng Co. for 
making available this ursurpassed means of carrying out the Sabih- 
көшіміз funcion, “the diffasion of knowledge among men." 


WALTER RATILISEXE MATON TEATELING BOHOLAESHIF 


The Walier Баю Bacon Traveling Scholarship of the Smith- 
sonian Emstituiinn wam nwarded in June 1085 to Dr. Richard E. 
Blackwelder for studies of the Siaphylinidae of the West Indies. 
In 1985-36 Dz, Büackwelder collected specimens on the islands of 
Jamaica, Hispan шіл, Puerta Feo, St. Themes, Guadeloupe, Trinidad, 
Tobago, угаах Carrlacu, St. Vincent, Barbados, St Lucis, ши! 
Dominica, ns previously гереги], 

During the seco] year, to June 1607, collections were made on the 
islanda of Montserrat, Antigua, St. Kitts, and St. Croix, and return 
visits were made to Puerto Rico asd Jamaica. It was foand to be 
impracticable to revisit Hispaniola in spite of the lsvporiance of that 
island in the кеген. 

The collections obtained from the 21 months’ Geld work include 

more than 45/000 staphylinids and 10,000 other Coleoptera, А соп- 
siderable part of this number were taken bp the nea af yeipment for 
masa collection which waa aed on St. Croix and Jamaica. (Оп the 
latter land Dr, Blackwelder worked in conjunction with Dr. E, А. 
Chapin for 5 weeks. The collections were made jointly.) 

After finishing the collecting Dr. Blackwelder retarned to Wash- 
ington, where he prepared the staphytinid collections and sorted the 
specimens to genera and species. A юм containing each species found 
waa then prepared to ba taken to England, whare it will ba compared 
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with the types of West Indian and tropical American Staphylinidae 
in the collections of the British Meseam amd Dr. Malealim Cameron, 

The өзіненіпі of the award for а third year made ропмаш tha 
additional 9 menthe of Bald work im 1086. Dr. Blackweller plana 
to тіні Cuba for a week in the fall of 1927 to study the collection 
of Biaphylinidae of Alexander Білер, The remainder of the year 
will ba occupied with the preparatica of a revision of the 200 te 600 
species collected or known from the islands. 


HATI: ARTO LECTURE 


Tha mirth Arthur lecture, Твхэтегїня from Solar Exlipse Expedi- 
thes, by бшш Alfred Mitchell, director of the Leander McCormick 
y, University nf Virginia, wae given in tha auditorium of 
ihe National Museum бї the evening of February 9, 19387. Dr. 
Mitchell, » leading authority on eclipses, has personally observed 
nearly all the total solar eclipses of tha present century. In Мін lag- 
tura ba touched upon the frequency of eclipses and their prediction, 
Тас lowed. frum а heady of the gorgeess corona which accampanies 
в total eclipse, the use of eclipses im tha verification of tha relativity 
theory, and many other interesting specta of this рта of nataral 
phenomena-—a&n eclipse of the sun. The lecture will be published in 
full with illustrations in the 1687 Smithsonian Report. 


M sedium Her ux apart рав а many af the Instit- 
ion's researches in biology, geology, anthropology, and astrophysics. 
Dur би іш eluate ир peine Ha БОЛ Ын 
MEUM M Him БАТАЛЫ Бала rom 
Germany, Holland, and Siam. ni хуран 

Secretary C. Û, Abbot continged at Washington his werk on par- 
festing am engine to convert the sun's raya into power. In, В. 8. 
Hassler шин the geology af several amê Eiropan areas and 
conducted researches оп fossil echimederms amd corals іп European 
monsenma E, Р, Henderson collected epidote and siber minerals in 
scotheastern Alaska Dr, G, Arthur Cooper studied and collected 
fossils from the Devonian beds of the ши та United States. 
Dr, С. Lewis Garin conducted a successful search for fossil mammals 
іп New Mexien and Arizona. Dr. Alexander Wetmore studied and 
collected the hinds of the Guatemalan highlands, Watson M. Perrygo 
and Carleton Lingebach collected birds amd mammals in am агаа im 
(rest Virgina hitherto unrepresented in the National Museums 
collections. Н. (h Deignam mode n zoologienl survey of the Tittle- 
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own easternmost districts of North Siam, journeying through the 
provinces of Nan and Chiengrai Capt. Eobert A. Bartlett's 1056 
Greenland expedition collected for the Institution specimens of tha 
marion plant arl animal life in the seas slong the et and шог ган, 
pena of Greenland. Авен Н. Clark сал аан his exhaustive In- 
vestigation of the butterfly fauna of Virginia, ЕР Killip collected 
series of specimens of the flora of the Florida Koya, hitherto poorly 
represented in the National Herbarium. | 

Dr, Al Ний На Goeñinued his archeological investigations in 
Alaska in connection with his study of the origin and early migra 
Henr of the American Indian. Henry RB. Colling, Jr, conducted 
archeological investigations in tha vicinity of Baring Strait, Alaska, 
te coordinate Lise results of his previo work at St. Талктиасв Island 
and at Barrow, Herbert W. Krieger made an archeological recon- 
nisanen of tha Bahama Islands and excavated prehistorio village 
sites on five of the larger islands, Dr, Frank Н. Н. Roberts, Jr, 
confinmed his investigations of Ша Foleo complex, mainly at the 
led am archeological expedition te northwestern Honduras, excavat- 
ing айва am the Ulum River amd at Lake Yojoa which mara a strati- 
various polychreme horizons on the ТЛза amd at Lake Yojoa, amd 
dows to the Plays de los Muertos calturo which preesded the Mays 
culture. J. М. В. Howitt contiziued hia studies of the League of the 
Troqueis in New York State and Ontario, Canada. Dr. Julian Н. 
Sbewar] made an ethnological reconnaissance of the desert. Shoshoni 
af southern Taha, northern. Utah, aud а part of eastern Nevada. 


гїлиагалтана 


The “diffusion of knowledge", ana of tha Tnatitutien'a primary 
fanetings, ін neem plished сїїлийн through ita several séries of pub: 
licwtiona. Ая la to be expected from the nature of the Institutions 
scientific work, the lange majority of its publications ary tezlunical in 
eharacter, presenting the resulta of researches in astrophysics, radin- 
tion, geology, biology, and anthropology. The Smitheonian anual 
report, however, ік intemded primarily for the Їаутад, for in it are 
presented each year a бега of understandable articles written by 
maim asthorities, which together constitute a surrey of ad- 
vances and Lnterestinzg developments in nearly all branches of science. 
The wider diffusion of lmowledge i» accomplished by a system of 
nawa relma furnished to more than 200 newspapers and press sart- 
ices describing in popular form the Institution’: researches, expedi- 
tipns, and publications; and recently by a weekly radio program 
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dramatizing the work and exhibits of the Institution put om the air 
through the cooperation af the Offen of Education, the Works Prog- 
тев Administration, tha National Broadensting Co, and the Institu- 
бөге editorial office. 

DE the S0 volumes and pamphlets published during the year; 40 
were issped by the Smithsonian proper, 52 by tho National Museuzu, 
авд 0 by the Bureau of American Ethnology. vari- 
саа publication are given im the report of the editor, appendix 10. 
The total sumber of copies of publications distributed waa 144,217. 


Ка Гн 


Tha Easithšoniam Ebrary cmmprises 10 major and 80 minor umita, 
which together ossdaln a total of 87000 volumes, pamphieta, and 
charta Thè new ысытыса for the year numbered 11,408, most of 
these coming in exchange for the publications of the Institution and 
its branches. ‘The library тесте many gifts during the year, nt- 
standing among which was the botanical library of the Inte Dr, Fred- 
aride V. Coville, numbering 4,500 items, presented by Мга, Coville. 
The routine work of ihe МАЙ included cataloging 6,768 publications, 
preparing and fling 23,007 cards, entering 24,212 la, and 
making 10,005 leans, of which 190 were to libraries outside the Smith- 
enian system. In addition to considerable work om the union cata- 
log, much time was өрені. on the preparation of periodicals for hind- 
ing, and а total of 8,908 volumes were bound. This unesunlly large 
amount ef binding waa made possible by the delicency appropriation 
of $12,000 approved toward the chee of 1885. There still remain 
Сыншы of volumes in urgent seed of binding to prevent lom of 
parts, many of which would be very difficult to replace. 

Bespectfelly subanitted. 


О. @. Anor, Secretary. 
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. APPENDIX 1 
REPORT ON THE UNITED STATES NATIONAL MUSEUM 


See: Т hava tha honor to mbanit the following report on the oon- 
dition and üperatson of the United States National Museum for tho 
fimenl year onded June 20, 1881: 

Ponds provided for the malntenasce of the National Missam for 
tha your totaled $769,070, This wad & nét increas of $3298 over 
the previous year, but since $25,000 was арал last: year for tha 
purchase of the airplane Т бна Жас for the авгааал 1 collections, 
кы EA Жн Б нэ tr gree ore 
operntion, printing and binding, and preserration of collections 





Additions, to the Museum collections during the year, coming 


ceived im 1,800 separato accessions and distributed as follows: An- 
thropology; 1,790; biology, 299,25); geology, (2,757; arts and indus- 
tries, 3,180: алш hiüstery, 1.074. These mecvemüon& ame all listed іп 
detail in the full reparèt ань thn Museum, printed ал a separais pame 
pilit but the mare important are sumesarised as follows: 
Anthropology, — Important archealogical material included two 


ап ivory harpoon socket from St, Lawrenc Island belonging to tha 
Old Bering Bea culture, From South Africa cama 98 Мон Ын stone 
artifacts and potsherds. Other valuahle specimens came from tha 
Ва Creek archeological site in Georgian; the Black Mountains, Ariz ; 
and the Rappahannock River, Va. 

Of special intereat among the ethnological material received were 
wnugaal speeimera presented by Mri. Charles D. Waloott representing 
the Kiowa Indians of Oklahoma, the Хатайса, the Jivares of South 
America, amd from Hawai. Other meki meluds Mndagascan 
worin fabrics and basketry ond Kashmir copper amd silver objects 
collected nearly BO years ago by tbe late Dr. W. L, Abbett; baskets, 
Біңіз, combs, “шиг, хээ vier diei Pon лика Поши, 
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Nigeria, Belgian Congo, Portugués Eust Africa, and Southern 
Rhodesia; jewelry from Tibet; а coll on of ethnological material 
the Indiana Algonkians. Nearly 100 apecimans were received in the 
division of ceramics, ST in musieal instruments, and 48 in period art 

The 600 specimens added to the physical anthropology collection 
саш mostly from Alaska, аа ü result of the field work of the curator, 
and тет Florida, as а result of Smithsonian-C. W. A. projects. 
Another lot of skeletal material came frem three mari in Mary. 
land and the District of Columbia. 

Бару. —Nearly 300000 biological specimmbs а year now comme to 
the Museum, and the total now exceeds 10 000,000. CH these received 
during the past year the following are owtalanding: An unusually 
large number of mammals from Panama, West Virginia, Siam, Japan, 
Formas, and the Philippine Islands, and Dr. Ira Ж. Gabrislgen'a 
privata collection, numbering 888 specimena, which wera transferred 
from the Biological Survey; more than 1,100 skins and skeletons of 
birda fram Siam, 380 from Guatemala, and 1,000 from West Virginia; 
types алд paratypes of many now forme of reptiles and amphibians, 
both North and South American; M large shes from Lower Califor: 
mia, over 1,700 fishes collected on the Smithsonian-ochling expedi 
tion, over 800 Siamese fishes, nearly 6,890 fishes deposited in the Mu- 
wam by the University of Washington, and over 4,400 fishes from 
ferred from the Bureau of Entomology and Plast Quarantine, 60/000 
more collected in the Weal Indies by Dra E. A. Chapin and Е. E. 
Blackwelder, and the J. F. G. Clarke collection of 10,000 Lepidoptera, 
monty from the Pacific Northwest; over 15,000 marine invertebrates 
chiefly trom various expeditions cooperating with the Smithsonian} 
108,000 mollusks frees many sources, including 10,000 from Siberia, 
from the Walter Eathibore Deron Traveling Scholarship, and 11,000 
Pecan Chevugh da Francs Tan, ишний in fand; amd more 
than 43,000 planta, about à fegrth of which were transferred from 
tha Usited Siama Bureau of Plant Industry, 

éeotogy—Income from several Smitheonian funda brought valu- 
able mineralogical specimens Through the Heebling fund, eryetal 
groupe and кїнї examples from many localities; through the Can- 
field fund, minerals from the copper mines at Teameb, Southwest 
Africa, and crystals of various kinds that make up an ususually 
colorfel exhibit: авд through the France Laa Chamberlain fund, four 
ғаға реп Bones. ‘There were also many donated specimens of таге 
erystals, ores, and other minerals that notably ғоһапсе the Museums 
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Additions to the meteorite collection were obtained largely through 
the Koehling fund. The total mumber of divine: meteoritic falls 
represested in tha Museum was increased from 008 to 635 during the 
year. ‘The new material came from Chile, Australia, Cunada, &nd Пи 
United Sile. Outstanding additions te the rock collections were 
E Island, Mexico, the Carolinas, Arkazaas, Wyoming, and 


In the feld of stratigraphic paleontobogy most of the year's nco- 
alona were obtained by members of the ай : 30,000 Devonian inverte- 
brates collected by Dr. G. A. Cooper and P. E. Chead in tha Eastern 
States and 20,000 Tertiary ard Cretaceous invertehrates obtained by 
Dr. I. Б. Basler in Europe. Exchanges arranged with other пиа- 


Africa, Australia, Amirin, Eohemia, England, France, Hawaiian Ii- 
landa, Italy, amd the United States, repmeseniüng varices geologic 
periods and formations asd many classes of fossi] animals and planta, 

About 605 fossil vertebrates ware added to the paleontological series. 
‘These included 600 Paleocene and Pliccene mammals collected by Dr. 
С. L. Gazin and party la Мон Mexico amd Arizona last. year, a mount- 
Brea deposita in California, a mounted sknleton of the antilocaprid 
Merycedus from the Miocene of Mostaza, an excellently preserved ex- 
tinct musk-ax akol (узара бал оны ) Trom tha Pleistocano of Indi- 
ана, a marly complete (сеңі! turtle (реаби гирсгэйн) from tha 
Разкароо formation of Alberta, and two eggs of Stratis anderai, 

Arts and бый Tha outstanding acoession in anronkutice was 
tha gondola of the stratosphere balloon Faplorer TT, in which Capta- 
А. 8. Stevens and С. А. Anderson іп 1985 established the present 
altitude record of TREK fiet for a mazned balloon, presented by the 
National Geographic Society, The collection of male models of alr- 
craft wns increased by 18 of commercial airmail planes (mada for 
the Great Lakes Exposition), 4 of current. Navy types, 2 of World 
War German planes, and several others including the Stinson Do- 
troiber and Lexkhead Тера used by George Hubert Wilkins im his 
1627 and 1828 Arctic Highta Mri Wiley Fast presented instrumenta 
that warn used on tb Winnie Мағ. There wore also smamioned Tarl- 
pes objects commented with the historic fights or airerafe of Calbraith 
Р, Rodgers (1911), Maj. Russell L. Maughan (1094), Jah= Moieunt 
(1910), and Alberto Santos-Dumont. | š 

An interesting neoession in watercraft 18 a collection relating to 
the life and work of John W. Gridiths, пата) architect, writer, and 
editor, whose shipa tha Kainhow, 1545, and the Sea Witch, 1846, wane 
(he first. of the famous American clipperg А. number of half-models, 
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many aa a maalt of tha Historic American Merchant Marine Survey 
Franklin wotemebile (no. B) to leave the factory in ШИЮ, the oldest 
existing sample ef that ear: a gig pheeton of аны 1840 ond a fina 
operating scale model of the Baltimore & Ohio Railroad's Воры 
Віш train, Many objects of historical radio equipsnenl, phono: 
graphs, typewriters, culenlating machines, clocks, tools, und electrical 
devices eontinmed to come in, ns well as over 2,000 specimens portain- 
ig із textiles, оғүганде cluanisiry, weed technolery, history of agrical- 
ture, авд medicine, and about 500 nhetozrapha, prints, drawings, en- 
gravings books, tools, and oiber material relating to the graphio 


aris. 

History, —Nearly 2000 objects of bistorio and antiquarian interest 
and value Were recived, many of them pertaining to the lives and 
publio careers of eminent Americans and other historic characters, 
mash аа Lafayette, Benjasnim Franklin, Napoleon I, and President 
Benjamin Harrison, The numbznatie ФМЦ он was increased by 
TEL сш, including an important series of United States enmmwora- 
ип ражаа imc ird 1.284 stampa, most 
ferred from the Post Office Department. лыы 


EXPLIEAXTDONB AXD MELD Wiik 


The scientific axplorationa of the year were Ñeanead mainly by 
granis from the invested funda af the Smithsonian Institution or by 
the assistance of friends of the Museum. 

Anthropalogy.—Hoanry В, Collina, Jr, assistant curator of ethnol- 
ogy, im October 1055 terminated his archeological investigations on 
Bt. Lamenm Island, Alaska, conducted undar the joint auspices of 
the National Geographic Society and the Smithsonian Institution. 
Previous work om St. Lawrences Island ard at Рон Garrow had 
тете the existence of an ancient but highly developed Eskimo 
colture, with intermediate stages between it and the modern Eskimo. 
One objective of the expedition was to search for pre-Eskime re- 
mains in the vicinity of Bering Strait, where mam may first have 
entered! the American Continent, Мг. Collins and his жәңізіжпек, 
James A. Ford nnd Harrison Prindle, obtained definite evidence on 
the sequence of prehistorie Eskimo eubtures, but nowhere did they 
fined traces of human cocupancy nmtedating that of the Exkimo. 

From Oktober 8. February, Herbert W. Krieger, curator of ethnal- 
ogy, conducted nrcheolog&eal] investigations in the Bahamas Ardhi- 
palago under a Smithsonian grant. He excavated kitchen нїд ава 
and barish os Long Island, Inagua, and New Providence Island and 
uncovered data pointing ts a clase cultural contact befween the Luca- 
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Te pon айтте ir era re Arawak of Hispaniola and to 
the tribal ши гал на of the Lucayana at a comparatively recent date 
from the island of Hispaniola. 

Dr, Waldo Е, Wedel, assistant curator of archeslogy, devetad anga 
Цав bo the supervision of excavations at an Indian village site near 
Seneca, Montgomery County, Md. On Мау 15 be loft to conduct a 
general secheological survey of northeastern Kanma and bn ore 
part of an old Bansa site near Kansas City; be таз still іп the field 
as the year closed, 

Dr. Мы Наа, curator of physical anthrepalogy, assisted by 
four students, during July and Алан, 1880 investigated sies on the 
Aleutian Islands, in continuation of his Alaskan researches, Ho uzr 
earthed an important burial saye on Бада Island, trazapeortation 
ming furnish threuph tha eoxperation of tha Пей Beater Const 
Guard. In May IPT be гейштей again to the Aleutians to continos 
the work. 

Dr. Т. Dak Stewart, assistant curator of physical anthropology, 
visited Indian.burial sites along the Potomac River, assisting private 
investigators, Also, with the kelp of Dy. Wedel, he excavated twe 
авиаалЧаа at Bolling Field, D. C. 

Biology, —Gerrit 8. Millar, curator of mammals, asxisted by Charles 
М. Wheeler, вр. 8 montha in Params making collections for the Mu- 
seum, With Corozal, С, Z, as а hase, he worked over meat of tha 
Сала] Zona from Gaten and Barm Colorado to the Paella eraat amd 
“саг ee highway of Panama, with side trips to the Pearl 
Тэїалнйв, Dilanda, asd tha Тедію River, Tha material beough. 
back includes about 450 mammals, 150 binds, 150 reptiles and amphibi- 
ans, ond 400 рінің, 23 well ан fishes, shells, marie invertebrates, and 
Indian artifacts, 

Dr, Hemingten Kellogg, антпей curator of mammals, was one of 
the three delegates to represent. the United States a£ a whaling con- 
fornnce, which convezed in London om Мау 24, 1097, on invitatlon 
of the British Government. 

Н. G. Diman continued collecting in Siam asd sent three large 
shipments of birds and ether material to the Museum. Пт. Alexander 
Wetmore collected binds in the highlands of Guatemala in the fall 
of 1535 amd brought beck a series of vulusble specimens W, M. 
Perrygo and Carleton Lüngebach collected. birds during the year 
in Wet Virginia and Tanne Те David C. Graham contizmed 
his werk in western China, forwarding collections: mainly of birds 
anid ingests, 
Dr. Leonard P. Schultz, кат curator of fishes, and E. D. Roid, 
aid, made several successful collecting exeumsiems inte Virginia 08 
"part of a garvey of the freshwater fish fauna of that State, 
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| urwbor of insects, f about б weeks in 
В ae ноодо collections n Habana, 
ha collected inasa em the island in conjunction with Dr. ard Мга, 
Rickard Е Blackwelder, Several families of beetles, hitherto un- 
known fram the island, wore taken, ая well ая many species гесорті 54 
ая new bo вота. They alsa took over a thousand specimens repre- 
wating seven species of the family Dryopidae, previously recorded 
xã nonexistent оп the bland. А sew and interesting enecinellid of 
the genus Payllabora was found feeding on a mold growing upon the 
leaves of БвагБ-ртарь (Гбессісін weiferd), amd at least iwo undle- 
seribed species of Scarabaeidae have been recognized in the material 
«ойн. 


Ге, Waldo L. Sehmitt, ureter of marine invertebrates, was 
шингэн on the Smitheonian-Hartford expedition te the West In- 
dim, traveling on one of the last of the square-rigged ahipa айай, 
the Jesepa Conrad, throngh invitation of tha owner, G. Huntington 
Hartford, and accompanied by Robert G. Lunt, of the Charleston 
Museum, as wwistant. The party begum work on March 15 кі Nassau 
D the Банны end in 8 төлийн hariad es Заг aneth, aa Barbados 
In all they covered sheet 4500 miles, making 19 stops for collecting 
кл chert ا‎ The expedition, sided greatly by the excellant 

pment provided by Mr. Hartford, was eminently successful. 
т варте than 4/00 specimens of marina isvetobratea wera obtained, 
thier Crustacea, but incloding alio apongea, eoebentarates, annelida, 

шейін, echinoderms, and lower chordates. Vertebrate material 
а ба шы] Pic ый ре n SEA d wk 
wia found sa embrya. 

Dr, Раю] Hartsch, спгай of mollusks, was a member of the Binit- 
tonlan-Roesbling expeditbsn to the Caribbean Sea and the Gulf of 
Merito im the spring ef 1037. Traveling ет Donald Бо ин 


wide area, "These include materia] previously poorly represented in 
the Museum, which ік pow being studied ашк] rapidly identified, 
eelegy.—Sponsored by the Smithseian Institution, Dr. R. 8. 
Basler, head curator of geology, spent the first 8 months of the fiscal 
year in geological studies of several сінебс European areas and іп 
researches on echinoderms and other fossils ін English, German, amd 
Imteh masama He sompleted studies on several groups of Falexzoic 
corals and sponges, prepared about 600 байн of Upper Palsemejs 
erinoid types, collected Tertiary fossils from the Paris, Y Vienna, and 
Lenden Batinî amd visited the Devonian area of Germany and 
Caechoslovakis. = 
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Under tha auspices of the Roebling fund, E. P. Henderson, nsxistant 
eurabter of physical and chemical geology, spent several months on 
Prince of Wales Island, Alaska, for the purpose of collecting spoti- 
mons of epidobe and other minerals for which this locality is noted. 
With the aid of his assistants, Arthur Montgomery, Edwin Over, авд 
С” Е. Ferguson, he collected hundreds of fine crystals of epédote, 
thousands of garnets, and many miscellaneous minerals. In Мау 
1987 Mr. Henderson lafi to attend tha Seventeenth International Geo- 
lagieal Congress at Манат, 

In the immor of 1986, Dr. G. А. Cooper, assistant cerater of sirati- 
graphic paleontology, with Preston E, Cloud as field assistunt, visited 
Middle Devonian localities in the Middla West. te collect fossils and 
study the Middle Devonian recks. In June 1837 these two men pare 
sued further fehl work on the Middle Devonian rocks of Michigan, 
New York, and Ontaric. 

De. Е. О. Ulrich, маи in paleontology, accompanied by Е. D. 
Meslor, of the Geological Survey, collected fossils and studied Lower 
Ordovician stratigraphy in Arkansas and nearby біліг. 

OO ees eae T RE 
ington Kellogg, made two short. trips to the Chesapeake Bay region tn 
collect cetacean specimens, including seréral porpoise skulls, provi- 
ously located by De. W. F. Ровар. 

Пе. C. Lewia Gazin, assistant curator of vertebrate paleontology, 
under funds provided by the Smithsonian Institution, conducted an 
expedition to the San Juan Basin, N, Мих, during the summer of 
1885 to explore the Eezena Wasatch and the Puerco and Torrejon 
formations of the Paleseanes for fossil mammal remains. Besides Dr. 
Gazin, the party included С. Б. Sternberg and Harald Shepherd. 
They were succeanful іп gathering a representation of the important 
faunas from these сіншіс early Tertiary harimana, about SO deter- 
minable specimens being collected from the Рансоше alone. Later 
in the season they went to Arizona and explored the Gili and San 
Pedro Vallis for fossils. 

Dr. R. Lee Collins, of Bryn Mawr, was given a small grant by tr 
Smithsonian Institutlos for work in the Miocene deposita along Chesa- 
pake Bay, during the course of which be collected a member of 
cetactan apeeimans, parta of а sinanian, and two bird bons. 


MISCKLLAXEOUSE 


Viritors.—For the first time, the number of visitors to the various 
Museum buildings exceeded the 2 millise mark, the total for tha year 
being 9988530, which ін 514,800 more than the previous year. The 
351919 visitors dering August 1996 is the largest mamber over Te 
gorded for a single mosh, “Tha attendance In the four Museum build- 
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lega wan recorded ва Tallewa: Smithsonian Emilding, 354,067; Arta 
afd Industries Бай ад, 1,060,358; Natural History Building, 702,657 ; 
Aircraft Haikling, 171,430, 

Рейн and printing. —The susa of $22,000 was available dur- 

ing the year for printing the Mumam Алтая! Report, Bulletins, нікі 

an increase of $17,900 over the previous year, and a cür- 
responding increase in volume of publication was reflected. Thirty- 
Procelings (completed), 2 Dullias, and 39 Proceedings жатым. 

{oom 1, 8 23 Procwdings separates. 
The two Bulletins ised were: Мо. 153, part 2, *Birds Collected by the 
Childs Frick Expedition to Ethiopia and HEemya Colony: Pamir", 
by Dr. Herbert Friedmann; amd no. 107, “Life Histories of North 
Americam Birds of Prey: Part 1, Order Faloifürmes", by Arthar 
Cleveland Bag. the tierth volume in this series of life histories of North 
Amer bile The total number of octavo pages printed was 1,604: 
nnd of plates, 135, Хошин тадан sorge yp ape 
to libraries med indi Wihesls throughout the workl aggregated 68,808, 
morn than білгілі ая many ая last year, 

An important step in the advance of Museum eiciency was the 
thorough overhasling and equipping of the Маеш Branch Print- 
ing Offes early in the year, Through the ponerone cooperation of the 
Public НЕТ мэн авд fully equipped Linotype machine 
"as installed by th теген Priming COMES bogether with new 
бүрі facea suitable for dhe printing of Museum labels Аз а direct 
result of this new equipment, the labeling and job-printing work of 
the Museuz із practically up to date for the first tima in many years. 

a Labia іы e sar ee 
by the continued aszipmmaemt of тог ага from the Works Progress 
Administration of the District of Columbia. The number of sugh 
workers Increased from 68 s the beginning of the year to 88 a£ tha йені, 
and tha work totaled 89,419 man hours, covering the following нийн: 
Checking, labeling, кіні repairing library material; preparing draw- 
ings and photographs; typing; arranging, cataloging, labeling, 
шмшщ, and nucibering specimens; model making; translating; 
work on plaster casta; and drafting. 

Өрелі extibitions Sixteen special exhibition were held during 
the year under the auspices of various scientific, educational, and нут» 
ormment agencies, such ая tha Weeks Progress Administration, Third 
World Power Conforemee, Asencintion of Federal Architects, anid the 
Гана of Colgmbz Federation of Women's Chobe, 

Tha division of graphic arts featured 18 special exhibits) in 
graphic arta and Û in photography, 

Change in organization and staf.—No major chanpa in adminis- 
trative organisation occurred during the усаг ын! but few changes 
in the scientific вай. The designation of the carpenter shop was 
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changed im April to cabinet shop, and stopa were taken Тог the &p- 
poiztment of an assistant foreman of the shop to ba directly charged 
with ite building-repair activities, 

Eight persons were retired for age or disability, as followa— 
through адо: Frank Н, Cols, ааайбалд mechanical iperinterdant in 
charge of the carpenter shop, on February 28, 1887, with over 59 years 
af sirri; William F, Wicks, guard, on Мау 31, 1027, with 10 years 
ef егт; Minor B. Stonnell, Hnrers helper, on Juma 30, 1037, with 
nearly 27 years of servico; Mra Напотаһ Downey, ntiandant, on Cu. 
tober 31, 1886, with nearly 25 years of service; and Mrs, Elizabeth 
Merritt, chnrwoman, on November 50, 1086, with nearly = years of 
service. Throngh disability: William Henry Goldsmith, foreman ed 
laborera, en April 30, 1087, with 41 years of mrrice (Mr. Goldsmith 
died on Мау 4, LEST, 4 days after his retirement); Mrs. Elizabeth E. 
Dorsey, foreman of charwomen, om Juna 15, 1981: and Mra, (er 

Dr. George S. Myers resigned ав көінікпі curator of fishes ca 
Beplember 15, 1889, to neoepa an appointment at: Stanford University. 


Wedel was appointed assistant curator of archeology on Ацан 18, 
1936. ‘The desigeation of Dr. William E. Maxon as head of tha dl. 
тігізп of planta (the National Herbarium) was changed from me» 
cue curator ta curator on February 1, 1007. Mra Архив Р. Chas, 
seninr botanist ін the United States Burean of Plant Indnsry, long 
associated with the lale Пт. А. 8, Hitchoock, was given honorary 
appointment on February 15, 1037, as cusbslian of the section of 
grasses іп the Museum, 

Other additions to and changes on the най during the year im: 
eluded the appointmesta of Henry Kaskowitz as junior sehentific 
aid in the division of vertobrate palesntolegy 48 Augus 1, 1096, 
and of Авйгаал J. Andrews as selentific aid in the department. of 
anthropalegry on May 14, 1987, the reallocation of Mrs Bertha T. 
CarwiLhen to niar clark, matant perscemel officer, on February 16, 
1587; the appointment of Owen F. Croggon, senior mechanie (smiar 
tubinetmaker) on July 1, 1036, to a new position included in the 
appropriations for the year; the advancement of John H, Санса ba 
assistant engineer, on September 19, 1838) of Ernest Derartie from 
guard to principal guard (sergant of watch) on November 1, 1088, 
amd of Jobn Л. Queesey from guard to foreman of laborers on June 
18, 1921. 

On Jazuary 1, 1987, Norman Н, Boss, chief preparator, inverte 
brats paleontology, returned іс duty from temporary detail to tha 
Texas Centennial Exposition, at Dallas, and on June 18, 1957, he 
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employees from Ий active roll: William Н. Vanneman, principal 
gaurd, on August 20, 1836, after 80 увага of service; Frank M. Cheska, 
laborer, on Тапшагу 3, 1937, after 27 years of mrvice; and William C. 

Kinnar , оп February 13, 1981, after 13 years of servio. 
Fram ім list ef honorary workers the Museum lest by death ов 
January 8, 1057, Dr, Frederick Vernon Coville, honorary eurator of 
planta since March 28, 1993, asmecinted with the division of plants for 
many „ and one of those deeply interested always in furthering 
the Мичин botanical work. 

ALEXANDER ЕТИ, 
Tr. Cama (3. Annet, 
Seoretary, Smithsonian Institution, 


— 
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4 APPENDIX 2 
REPORT QN THE NATIONAL COLLECTION OF FINE ARTS 


Bra: I have the homer to submit the following mpor on the astiti- 
tien af tha National Collection of Fine Arta for the баса] year ended 
June 30, 1881: 

For zenrly 8 months of the fiscal усаг, this Бетеп of the Smith- 
meni Insitubbon carried tha name "Масар Gallery of Ах, bak 
this was changed by am Act of Congress, appro by the Erendent 
тп March 24, 1227, to “Matiogal Collection of Fine Arts", nnd the 
410 sam Was aî ied io the new Smithsonian burenu created as the 
тєвийг of Andram W. Mallona gift to the Nation of his unezeelled urit 
eulletion and funds to erect a splendid building to house EL. 

A new system of lighting was installed over gallery 8, which pre 
duces a Pleasing soft light asd also dona атау with tha lighting fiz. 
tures and gives n ceiling to the gallery. This also made passible the 
installation of four stained glass windows, two hy John La Farge 
авд tes br Willisa Wille, 

Miss Louise А. Rosenbusch, wo had been connected with the Smith- 
soniam Institution for 44 years amd hed served se Recorder of the 
National Gallery of Art simes it was male а separate шай. kn 1950, 
TaS retired on November 80, 1820, 

Visitors to the office concurming art matters numbered 111 during 
the last. B пъ, 


ATTRECGDEIATHKSR 


For the administration of tho National Collection of Fina Arts by 
the ee xpo. ee en ot селесі 
стр Ia. а GE теген precicclicala, brave 
духаа анчны for guarda, and necessary Eneldomtal Вы 
SST was appropriati, of which 218,853.22 was expended for 
the сага and maintenance of the Freer Gallery of Art, a uni£ of the 
National Collection of Fina Arta 


THE SATS AL GALLERY OF ART DÓMOMISADOM 


The sixteenth annual meeting of the National Сагу of Art Corm- 
mission was hekl on December 8, 1990. The members mot at 10:20 
at the National Gallery of Art, where, ns the advisory commilies on 
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the meceptanee of works of art which bad been submitted during tho 
year, they accepted the following: 

Two Шїнжтарйл: "Тнтізк Fish Nets, Gharkeralz™ and "Edge of ibe Qanpan", 
br Өгасв МетШе Garretkers, ТИМ of the artist in the nime of her кеп, Edger 


М. Garrote, Jr. 

Brom ml portrait af Банд Chester French (1830-1935), by тет 
Ei rice Langman {Шиг}. СІН of bira E. 1А. T. Наагїнїйгг, of Windsor, 
(Conn. (Ажиа far Des National Fortralt Gallery.) 

A water coer hg fane Prout (17325-1833). СН. Mink John т. Dyrine, 
of Washinpipn. EX (i бн хөх жан d Du EM a MACH ma 
алиа ор &»d Һай nel Basan decided pa Saik) 

A айлийн of 197 isinaka тайып, kr maniara of ihe Осмо Шыу сё 
Бнфыға Ba Ва added to the 42Т ішк из табага given lust теат. dit of tho 
Chicago Baelety of Etchera. 

Twa Hrs engravings “The Old Tinker" вай "Thu Bieter", ніні 
am мын “найр ke "ТМ Найраг لاا‎ CHE 
of die аг. 

The wimg tw painibsgs, purchased by the {лиш of the National 
Academy of Dweipn from (be toed provided Бу the Насту Ward Ranger t- 
quot were EEA and daime, according to the Lerma of the will; “Central 
Park пой the Бала", by Willam А. Ceme (1855-1995) and “(лата af tha 
Upper Сайнгайв Илгүг, Wong Territory", by "Thomas Moran. (1227-1220), 
A patr of xinined plasa windosa "Pusccck and Dees", by Joba LaFarge 
CESS. Gift of Шешу Lafurge. 

Ал eH тайвныг +a tle “Devasing for the elmira, by Зоушоиг J. Chay, 
M. А. 0158-1019), Gift of Мін Тело А бит, tho алт Эн dinghies. 

(In 1808, а Partrwit of Gorm ünresk by F. ©, Courter. offered ая п. БИТ 
hy a їл anséypeyus догат. was accepted by (e Соні. Tt wea ып 
received їл Мау 1981, Lan ай а ШІ ай Angus: Frese.) 

The members then proceeded to the Smithsonian Building, where 

the annual meeting was called to order by the chairman, Mr, Borie. 
The members present were: Charles L. Boria, Jr. chairman; Frank 
Jewett Mather, Jr., vice-chairman; Dr. Charles G. Abbot (ex oficio), 
perntary ; nnd Harbert Adams, Frederick Р, Keppel, John E. 
Paul Masship, George B. McClsllan, Charles Moore, Edward W. 
Redfield, Edmund C. Tarbell, and Mahonri Young. Hoal P. Tole 
man, curator of the division of graphic arta in the United States 
National Museum and acting director of the National Collection of 
Fiza Aris, wad albo present, 

Mr. Moore, chairman of the executive committee, stabed that Mr. 
Маа had Ead tentative plana for the National Gallery of Art 
building prepared by Jobn Russell Pope. Thess plans, as well at the 
present states of the National Portrait Gallery, were disxussed, 

The Commission recommended to the Board of Regenta tho nomi- 
гайх of Dr. George Harold Edgell, director of the Museum of Fine 
Arta, Basten, to кзг Mr. Grat, densas. 

The Commission recommended to the Hoari of Regenta the re- 
election for the succeeding term of 4 years of the following membefs; 


f 
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Jala E. Lodge, Andrew W, Mellon, Edward W. Eedfeld, and Paul 
Маш 


ашр. 

The following совға were elected for the insning year: Charles 
L. Borie, Jr, chairman; Frank Jewett Mather, Ji, vico chairman; 
mid De. Charles G. Abbot, secretary; аа well ax tho members of tha 
executive committee Charles Moore, Herbert Adams, and George 
B. MeCiellan. (Charles L. Borie, Jr, a chairman of tha Commis- 
sion, and Dr. Charles G. Abbot, as secretary of the Сотюлыіса, are 
ex officio membera of the execulve committes), 

The following minute was adopted to express the policy of the 
Commission in connection with its ection im accepting er rejecting: 
Ranger fund paintings: 

In reaching à decision am ba ihe arceptance of paintings pmmebasaë frora the 
Ни эг fund. lt was Кыз авын of iba Commission that the artlatie quater cf 
бе раа Мыр in question нида not Déecsemariy ba tbe пыт faetor 5 be 
kra Бо 0005 сгай нг. The Fett of pa bp. баларда of Pes иг ийн work 
In t&à ваа! celbocsisn, dor couple, шау property bo kemn into wiere- 
Hon, et Eba desimbüity of a iie distribetion of thea тамын In the 


ЕРЕЕН. Lenora 


Commission met at the Smithasnian Institution Арай ë, 1931, far 
the purpose of affording the members an opportunity af dismissing 
the acceptance by Congres of the Melon gift under the title of the 
ational Galery of Art, and the project fer the proposed 
Smithsonian Gallery of Art. 

The Commission's attention was also called to the desira of Mrs. 
Mabel Johnson Langhorne, daughter of the donor of tha Halph 
Cros: Johnson collection of old masters, to same tha Smithsonian 
Institetion in her will to receive certain pictures left to her by her 
father, if the Tnalitution thought then worthy of acceptance for 
the national collection. 

After the adjournment of the meeting tha members inaperta the 
Mellon and Langhorne collections, 

Оп May 11, 1027, a committen af three, appointed by Dr. Abbot 
and Мг. Borie, consisting of Mr. Redfield, Mr. Tarbell, and Mr, 
Young, met at the home of Mra. Langhorno to select-the paintings 
Which eventually will come to the Institution to be closely associated 
with the Ralph Cres Johnson gift, Almost ӛтегу punting mns 
considered of such high quality that it would be а raluabše addition 
te Ekê collection. 


THE CMTE WALE Мтжи FONT 


"Two miniatures were acquired from the fund established throughs 
the bequest of the late Catherine Walden Myer, "for the purchase of 
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first-class works of art for the um and benefit of the National Gallery 
off Art", ss follows “Portrait of Charles Boynton Darling" and “Ғог- 
trait of Elizabeth Ellis Ювг ар", by шшк. artist: from Галата 


This e although small, has in 5 years rade possible the 
purchase of 11 frst-class miniatares, illustrating how в small авдот- 
mmt can be used to build up отог а period of years ап important 
collection. 

DEPOSITS 


Portrait of De. Leonhard Stejneger, Head Curator of the Depart- 
mant of Biology, United Statea National Museum, by Bjorn Р, Egeli, 
preawnted to the Smithsonian Inatitution by Пт, Biejneger's friends 
on his birthday, October 50, 1996, waa deposited in tha Gallery by the 
Smithsonian Institution, 

Portrait bust іп brome of Lord Kelvin (William Thomson IEH- 
1907), British physicist, by Herbert Hampton, given by the Kalvi- 
nator Со, іс the English Speaking Union for presentatinn to the 
Smithecsian Inetitetion, amd presenbed by the British Embassy 
throngh the American Branch of the Union, October 9, 1028, was di- 
posited in the Gallery by the Smithsonian Institution. 


LOANA ыыра 


А stained glass window, “Consamatum Est", deslgned and executed 
by William Willet (1889-1981) im 1908, which won the contract for 
ь sanctuary window im the United States Military Chapel at West 
Point; also a pair of small stained рана windows, "Danie" asd “Вов 
trice", by William Willet, Lent by Mis, William Willet, af 


Ай MADE 


‘Two portrait drawings in red chalk of Victor Chapman and Nor- 
man Prince, by John. Elliott, were kent tothe Art Asssciation af Кат. 
port for exhibition at the Terventenary Retrospective Exhibition, 
Матра, R. L, from July 23 ta August 16, 1006. (Returned Aug. 22, 
1996.) 


Tha painting, "High Cli, Const of Mains", by Winslow Homar, 
was lent to the Whitney Musrum of American Art, Now York, М. T., 
for the Winslow Homer Exhibition which was bald from 
15, 1026, to January 15, 1827, (This was send directly to the Сагтнү за 
Institute a£ the close of tha exhibition.) 

Тез paintings by Winslow Homer, entitled “High CIMT, Coast. af 
Maine” and “The Visit of the Misirtes", were lent to The Carnage 
Institute, Pittsburgh, Pa., for the Winslow Homer Memorial Exhibi- 
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Шош held January 28 through March 7, 1087. (‘Those were returned 
Mar. 13 and 18, 1087, respectively.) 

the cooperation of Miss Leila Meehlim, director of the 
Southern Art Projects, 16 paintings were lent to the New Mint Mim: 
тыш of Art, Charlotte, N. С., for Иа special imageral exhibitbon 
from Ootcher 93 to December 31, 1086, ns follows: 


Ап Тийн йн, hy Wa. Kergeunt Kendall, 

Tim ef Homi te Chris, bp Генс La Farge 
Three Troa, be W. T. Lathrop 

k Furilr чё Dirba, by Шат L. Мега, 
Нгайїагуа МИП Бос! Мо, 2, Еу Tirnry W, Ranger: 
The Torrent, by John H. Twarkersag. 


Hoven, by Lrwügbt Tryon. 

The Cup of Death, hy Кини Tedder. 

A RRR, Бр 7. Agen Weir. 

Autumm of ATkwilbe br Alexander Н. Wri, 

Seven of the above paintings were returmed Тизшағу 5,1837. The 
following nine paintings were shipped directly from the Now Mint 
Мани of Art at the « хөр of the exhibition to the University of 
North Carclina, Chapel Hill, N. (L, for an ashibitian from January 
15 to February 20, 1837; the paintings were then forwarded to Ва» 
vaznah, Ga. where they were exhibited at the Telfair Academy of 
Arts and Бет from Mareh T to 28, НОТ. [Ther wero returned 
Apr. 2, 1881.) 

Pertr&lb Йө! of Wider Жызіпте, bp Fret Інтегесі. 
Bradbury's МШ Рей Мо, A by Henry W. Hanger. 

Тін Terrent, by Join Н. Таанылып. 

A Üentiememan, by 1. Alden Weir. 

Аліншіп Ші Атат; br kiasê BT. Wyant. 

Vixit of Hisia dp Chri hp Jobo La Ғагра. 

А. Familiy oi Hechas by Willard L. Меган, 

Саренве Infmnilme, їр Mary Салаа, 

Three Trem, hy W. L Lathrop. 

Three paintings, by undetermined artista, were lent December 17, 

1848, to the Раба Library of the District of Colombia, as follow: 
Madonna with Malo of Stara 
Adoration af Кый Christ Child. 
The Chr CEM miih Crease аы! Tech. 
Am ol] painting, "Mother Love", by Charles Е. Naegrle, ты lent 
10, 1881, to the High Museum of Art, Atlanta, Gia. (Tt чай 
returned Мат 5, 1887.) 


ғ 
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А bronze Өзіне of Тілегін, by Auge Saint (айв, жая lent, 
with the coment of the owners, the Estate of Mrs. John Hay, to tha 
Great Lakes Exposition, Cleveland, Chio, for exhibition from May 
9 to September Û, 1937. 


в 


| The painting entitled "The Moos Chase”, by George de Forest 
Brush, lent through the Carnagin Public Library at Fort Worth, 
Ter, to the Fort Worth Frontier Centenalal Exhibition, held at 
Forth Worth, wan returned November 90, 1935. 

Teo small bronna by Edward Kamays, entitled "Bear" and 
Соус", lent with permission of their owner, Mr. Willlam KRemays, 
to the Dallas Museum of Fine Arts for azhibition at the Texas 
Centeanial Exposition, were returned December 7, 1940. 

The pai Fired Оп”. by Frederio Remington, and the “Рағ- 
бай of Premier Georges Clemencesn", by Cecilin Beaux, lent fe 
Tha Dallas Musar of Fine Aria fer exhibition at the "Texas Cene 
tennial Exposition, were returned December B, 1085. 

The following five paintings, lent to the Public Library of tha 
йыла Ei S P E MEE 
11, | 

Terim of Heey Ù, Fuller, bp беге Faller. 
Portrait of Janê J. Ичер, by Abbett Н. Thayer. 
тън xf rait Eaten, by 1. Alden Weir. 
The Vidt of the Miniman hy Winslow Tomer. 
Mosntighe, by Albert P. Eger. 

The "Portrait Sketeh of Walter Shirlaw^, by Frank Dureneck, lens 
ta tha Cineinnati Museum of Art, Cincinnati, Ohio, for an exhibition 
of the works of Drveneck, was returned September 15, 1056. 


"TIIEDEAWALA DT OF HEEE 


Two portralis in pastel by James Sharples (1751-1811) of Gen. 
James Miles Haghen, original member of the Society of tha Cincin- 
nal, and Mra James Miles Hughes, his wife, lent in 1082; with- 
“илж саналын Vurpillot on December 15, 
1 

One. oil painting entitled “A Farnese Investiture", lent in 1928; 
withdrawn hy the owner, Mrs, Estello Bakewell.Green оп March 
2, 1007, 

A reproduction in silver, made in England about 1850, of a silver- 
gilt wine pitehar, attributed to Benvenuto Сайн, lent in 1985; 
withdrawn by the owner, Capt. Frank ©. Ferris, on April 20, 1527. 


шамы Ж, 
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А painting entitled “Adoration of tha Kings’ ihe B. Van Orley 
реет 4 бы withdrawn by the owner, Mri Marshall Langhorne, 
om May 8, 1087 

A bronze bust of Dr. John Wesley Hill, by Jomph Anthony 
Atchison, lent by the sulpior in 1930; withdrawn by Mr. Wade H. 
Cooper, the owner, on Мау №, 1947. 


THE BENET WARD EAMUEE FONE PURTARE 


Sines it is а provision of the Ranger bequest that paintings рш“ 
chased from the fund nnd iii wêd to Алиг ат art institutions may 
be claimed by the National Gallery during the б-усаг. period be- 
ginning 10 years after the death of the artist rw Ётв paint- 
inga wara recalled fer action of tha National Gallery of Art Com- 
mission at Ия meeting December B, 1136. 

Try paintings were accepted by the Commission to become per- 
marit acceasbons of the Gallery, аа listed earlier іп this 

The following three paintings were metered, Шин becoming the 
absolute property of tha respective art ший шїова: 

“Tho Машпҥе тег", by Caripon T. Capman, NL А, te Шэн Teloda Вава 
e Aa i 

“aa, by Deright W. Tryon, N, AL, {е tho Carregie Institute, T'ittstsarb, Га. 

“накне of Ercrirg^. by Em Foster, М. AL. te dha тарау e£ Michigan, 

Алп Arbor, Mich. 


SPIEL EX EIBITIQXE 


‘Treo exhibitions were held as follows: 

January I8, TAIA special axhühitinn commemorating the ont- 
hendredth anniversary of the birth of Thomas Moran, N: A. (1587- 
1920). This exhibition remains on view, 

April 9 to 29, 1637. —Exhibition of tha Second. Annual Matropali- 
ton Babe Art Contest, 1901, onder the suspics of the department 
of fing arts of tho District of Columbia Federation af Women's 
Chaba, cooporating with the following Washington art organima- 
thong: The Arte Club, the League of American Pom Waman, Minka- 
іше Painters Sculptors amd Gravers Gociety, Society of Washing- 
ton Artisis, Washington Landscape Club, Washington Society of 
Kuba, Washington W Water Calor Club, and a free lanes group. 
"There were 805 exhibits, prints, paintings, amd sculpture by 148 
artiste, Carda were issued by the Gallery te an opening view. 


THE HATICHAL COLLECTIO OF FINE ЖЕТЕ REFERENCE LIBRARY 


publications sopessioned during tha year ware chtalud 
UB purchase, transfer, gift, авд exchamge. One hundred and 


4” ANWEAL REPORT SMITHSONIAN INFIITUTIGH, 1957 
equipmest of the library was improved by replacing the remaining 


woodgn bookeases with steal shelves. 
Miss Таль A. Тоғтау was appointed librarian January 18, 1081. 


AFAD BETALA 


careful study of the contemporary work in ceramics belng done In 
tha United Staten Не also visited the Walters Gallery, the Balti- 
more Museum of Art, and the Municipal Museum, which is devetnd 


IT d 
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' APPENDIX 8 
REPORT ON THE FREER GALLERY OF ART 


Sm: Т bare the bonor to submit the seventeenth annual report on 
the Freer Gallery of Art for the year ending Jana 30, 1987: 


тик (ні кеттим 
Али са bo the eollections by purchase ате ва follows: 
hha 


FS Сакы іа (Eber), taal сегілпу. ЖА mind Mahi Псррагу 
reas ТЇШ. а green paiia., О by 0182 aver all 

XT4. Chines, жаліт Chou rene, А керіле хний of Bê [уре із. ҰҒЫН» 
bronia wi a magh green. paillna; gal] arka of cnaliseed metal and 
шару neea Інгеғініга ір іст вены (Ieraeripelen ік manan 
charücpepa Gal by RE over ай, (Шингтэнэй. 

FA Chloe, Шап упау. А шыт; выса TLF type. The meine fa 
inmmculaba, with a gicamy Ыш paiina siizküy сісткімі wirt gren 
йа Phu face  Diamwicr, ан 

HIR. (hieme lle Han ғғ Јафет, А mirrors The scrÍnre has а gles pim- 

У пейш] black раша with ишш алған ой эс грн sm Би Desk; 
zi Br gens Ghee wilh back БЕЙ gres ca de fuck Тін базаға: 
Chen da іп Wigh апай manera rele, ТН of OU бяраа гж, 
kameer Л. Tuati] 

8114. Chinese, Віж E»prmamlea ғғ enrlletf А mirar. Tha аар га Bra в dar 
Give green pazina әп ¿be Back; Grill Їйл pray su ihe Їйл 
Waris айсан. The pricipal deamii ш af Ayur and here 
dmn chariots In төйктіегін Мен relief Іншегінт, 0.910. 


FF Arabi, пініз-ікегь seentury, А жолы of the Şera [from Chapi M} 
writien ба Ті parchment Jere; Daher Modleg af Umuashed" paper. 
Кайа mzript in dark hrcwm Ink; diacritics іп гай: golden Заг гаа and 
Teeri @2Ш] hy {ШШШ average ісі; 

EJIL Ambe шій century А parchment leat fre а Qed El ТП 
page бн ин in гән, хаал, пезреебітелр, the шый of og chapter gb 
thy Bagrloming 48 агат. (399 by ü PRR 

FT Аганы, A. D, 1255 Жіп HH era ail, eallgrepheer. A bong Desk; 
tiber Maiher binding [roken]: The collect morsem of mia, 
ТАМАША and maski srripea іп Wack, Daimi сор. ETT by OHE, 


grezupe гат, i 
S749. Arabis, бегін century [70. А paper Май fei à Gurdia, Мал |ы 
ытін іп жый, mine lines to а page; Шізетілісі dn Hos кәй На 1 pel 
* Illumina tl тегшийпү arf Тээр аар аа aihio 054909 by 0217. 
Ax 


Қы 
' 
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тілі анна farsteerthdifteendh century (T). А paper Deaf from a Garia. 
зг weript In geld, 11 linew to à pager dispri, тєгв та, and 

агпапахиа Шиш in кой ас! bina (ЫШЫ Бр бшш 

8137. Arabic (Turkey), seventeenth century (7). A Бапай volume; heather 
Binding (damaged); A collection of prayers entitled июл/йй Garia 
rely. Breall, clear паш ветїрї Іп bzark on 21 paper bea red; Pana da 
Шаа im інді script ін 6644 агай irar. Beden зєгвс на: ян! 
таей cormerpiece, ӘЗІЗ by (UTE 

Hid. Arabie (Turker), шісіне ЁБ-вотатйєсыНн арыу (1). А etiem ef sha 
егіп (nit LXWID-LOCX YII); Панг binding. Аа лай хай of 
markki кый {ей seriis In Mack ап 95 paper aves. Ties Im guid, 
grec, от Ылы 00209 br 03590, srermge Deaf. 

TETH Ағанғ (Perea), late tenth ceníiury. Teo bares теп ñ Queda. 
Blender Eais өнүн іп Жеті brawn isk on paper; dlasritiea 
iu тей, метр йл bises Паана chapters herding (ETH 
жағал), marginal іксіспетт marke amd Tepeestepa ШН by 
оңа (rcm Шіяліті іні.) 

Hi, Aramale (Нунаа), А. D 1318224. А emd roles (бағаға miming): 
Tad Хам Tatas, ігнара жстізі in Маск aod тей әп T paper 
вате pina 124 parehment алия. Tre соёсрыхн. 0257 by ОЛА, 

wrerage іса. 

This Алин, À. D. 100 and 1070. A тепе in cenirmgerury Бар ef 
Га нэг prerai with med Үмітті nnd еее appliques: Tha Пар 
кесет ip ibe terr Érmrgelisim Blach, mol, blo, green, and golden 
remd-Latd (Bslerpir] os 208 тепте leaves, Initials, paragrapks, 

Dated суйсүйнхаа, 03$ by (155 emer Î | RÊ by (1118, refuge Bear, 

ETE Armenian, foorieanth сагйигр, АА нг bougd wol: The Pusdlér af 
Іше ditkbodor Church. Tack, той, ІМІН, ssd poem raurd-band 
Thaler] en BE parehreemt Махаа, Miniatures (10): Шинїшама 
headings 191, сан (Tl), and paragraphs (70), Сера (ive 
hy 1258: ever ай! (115 by (ШЕЙ. аттарға boat. 

37150. Armenia, A. D. 0-1. А leather bound reams with diver cimapa: 
‘the ariboder ymma (SAsraEssRs). Black, тей, nnd podion mana: 
hand {йаг ЇР with тани кәріне on АЛТ ратсытыта Натай. 
Мїшашгєн (15); Шина! О Вапа (1481, ішкі par- 
mEP4phs (145 pius 1]. Ініні hemd-pbece mnd кереп, (121 Вт DEL 
grer ЫП; ELIF by DOTE, average WaT. 

Da Persian, Шинэ century. Таға маты From в тїшкїр of 
Für ағым by йл, Each buf [m Balai la а larger beef 
£f cen papar Geen ТЫНЫ border Мєн эй се ылыа Ыга, 
а штатынан, andl doen] acrem ага ташы її ael О hr 
ӨЛ ачстарс май... Free {lê rame merumript ns ОЛ, 

EE Pers, abpiesrüh Біне. А lesiber мәні Tene citalning thera 
moss el pba 

E ВЫХ Mihnfüd Жәһірдгі, са штарынт,. Fins алаһа өнімі 
Яп 29 paper аха Шишага ай Байр — буйсрбыта 
dated а corpegpendeses wiih AL Th 12234, 

П.А velecilon e Ізтіс pema  Minuic aê ig serip as ій 
paper bares, жағы аглаг, 

ПІ. Ваше аш лын (Nisl pürt |, ТаШатарыт, Бон таар 
жетірі in white en 5 greem paper lewre. орага. 

(UNI by AE, атєгарт Маг, 


— аш s 
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Ёлын СЕНТ АЕНЫТНН ТҮЗ ТЫК Lee IFE TIE 


Епарүла Gace OF АНТ 
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аншы” Ён. Hm apelin 3 PLATE d 
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НЕРОПТ OF ТИЕ ЗЕСНЕТАНТ м, 48 
TES Сайнаа. Tüan pirksi, A. D. E. By Wu Chén (A. D, 1290-1054), A 


Ink an paper. Вілы аач, label, poem, amd dated її өн b 

ч анам. Makimomso: ПЕ bp ЁСОО. 

TME Ша, рл, ТЫ ына, білтелі century. А musical mode {ыран 
PÒ}! a ight sore with two Agurea шїп] lady шай ber 
adbéndank Pull salèr on paper. Iracrípibon. 0:06 by Өліп 

БАР Intan pak, Газар ГЕ үй), баана century. А girl with а pet 

j апора Fall оғ on paper. ФЛ by 48. 

MAN Indien, Бараг, Pabüri (карата), lir eigiim есет) A musical 
mode [lene тйс найыға тойа ваа &ene on a веера сь. Ceara 
ва papar. АЛЫ Веганың 

атн, Indian, Бин, Гай! (hing). elghšiserth=nineanpasgh (ebur. А 
minii! made (Pa FIA : BAdbA'a есіедіс-ін a garden. (checa 
ош paper. 450 br А.И, 

йї-85-81:09. Гегжйп, fortieth nary, Two saper levees вена) : Бета 

nf trea, fest (үштікті Gommograghy, Сост би рар, 0489 
by 011121: МЕН by 0120: 

EM Perlin, Позы: абы, late fifteenth exniury. À бгспычїагу, әртісі, with 
Из keeper. Pell cober nnd slighi gol on paper. (3115 hr 0145. 

FT. Persian. Hermit mchasl, Baba Hféseath century, The ртерімін Маа aad 
Кимийг nt the Feustala of Life: Am episode trom Маза Hiben- 
айалына, Coders ши! silver (darkened) en paper. (ЛЕТ ky ОН, 

HAS, Рагна, Нєгй єє, Ӛте century, "Tero demons, [ctinzod—cone Wilh 
тар and wi ask. ase playing а maral dnicruzgt Tinted ил 

3126, Рагна, Herat шон üfieuih wemi A berwemin killing в Неа. 
Фата вл! geld an paper (1140 by 010 

31545. Гог, Horli scher, бриш century, The abducion іу жас вл 
Шога of mn ғыны in the poer "The ght Eursñiseg7. t- 
dedal іп the KEkamasA of Amir Eee Dükawl Full color, goii 
авд sliver (файхаса) en paper. ОТТО ly 0190. 

31.2. Ferian, Зааж! ытым, miüsixbenih century. Шр SAB CA Аа 
angel, Hylng, wich сар вий "ume flask. Їп іні нары tint nnd poll 
en paper. Шұзыпға OX by O33 

313. Persian, Байат perii, візи miery. Шу Малаа of Herit 
Portralt af a prince wearing а mamie of gold beets figured with 
тайга of cagbara and captives. Pull che вэ geld on paper. Sig. 
mature 0185 By ОЛ, 

2:20, Репни, Enfawi тегінді, бая у sheers swrhury. А hiris, seed ава 
RU EE Ри eder тїї ке co paper, dm 

кестік wath nn abiribation Pa Мелгер Haydar "АЛ. 0111 т 8110. 

ЕТШІ. Багш Бабктті perisi risanih cenidnry, 4 санаң, wichiy сараг алд, 
йй Ый Фон чаг. Full exer sz гой an paper Ніршіше and 
date ттеп «ИЫ ibe bele: Bly Miukemurad, 3 (А. Di 
IXM-Tk GU by 0122, (Duim ~ 

EMEL Derabam, Набат! perked, abxleenih senfary, Portral өй û pring prince, 
with қ parret ос ЫН wrist, Lise drawizg, wiih Шинж of color, 
om paper. DHT їе 0092. 


ш. 
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Tid “Chacas, Ёс ayning. Kuan wes à minieture тию wil Байа 
dayi miea gray шим with large, Їггєртсаг crackle. 04104 Бу 
ол. 

WT. Chime, Bung угаан. Ја көн в cup bolder, with wide ате боад 
— Tani, gray pirianga clay; Мания штаты grein рава, 


China, sit. Lamp em цаг! ñ тавь with long neck amd 
та nn, Bane ua Tard, dan clay: lostrana содон plate. 


11250 by adia | 
S75. Perin ББарев (Бзіу), thirteenth century, Йу САН Ын Timi A 


bowl (broken ond repaired). бой, mandy, жым chay] ши» rin 
ғайлы шаға іғтатыі1 ani a  галграгаат woh пабег the Tool The 
бисеганан af poopie and Lorem i» painted in polpehrome enamels 
aed af gell. Кафе Ілметіргіні ПЯНН, вєаЁЫГ Зовсгїүй ав outside] 
beth with кїрдайпгє. (Ый? by SSW 

ВТО. Ermin, Henare century. A pitcher, Шина, wiih a dew 
| [bewben and тәрлінед). Бой, sandy white olay; cream: 
white pan plas wilh iets uf iridescence. Deci with а 
Band of Emi: bettering Ds low relief. 0.130 by 0120. 

ЯТЛА. Syrian, freifth-thieteenis centnry. А pitches (broken andl repalewdi. 
Pulty hard. white бағ! mira wine e»nmel ginte of органе! 
цените. The decorsiien [s сетей Da rëélleÉ, тв daia Da píeréed 
work Hle with |ыс AE? br OE, 

Cursincial work has, as before, consisted largely in the study of 

Tibetan, (араны, Aramale, Armenian, Arabic, Persian, 

Indian, and Cambodian objects in tha collection, of the texts 

й маш авіа with them, and in the preparation of іа шиг 

for Gallery records, In addition, 810 objects and 888 photo- 

ef objeda, Oriental for tha moet part, were submitted to 

Curator for expert opinion as £o provenance, ара, quality, or 

n Written or oral reports on them things were 
to tha Їзэ айна or private owners who had requested this 
servio Written tranaletiong of 21 imsriptions in Oriental lan- 
gages were ol made upon героев, and 2 inseriptloms—cone in 

Chinese, the other in Egyptian hieroglyphice—were composed for 

the ша of two Departesents of the Government. 

Changes in exhibition have involved a total of 92 objects, ая 
follows: 

Dna Persian ------“- EEE mu" 
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ATTEXDAXCEÉ 


Tha Gallery haz been apan ta the pnblšs every day fram 9 until 
:30 o'clock, with the exeeptien of Mondays, Christmas Day, and 
Нет Your's Day. 

"The total attendance of visitors coming in at the main entrance 
wns 140,881. ‘The total nttendanes for weekdays, exclusive of Mon- 
days, was 04,221: Sundays, 40,060, The атбгара week-day attend- 
ance was PEF; the average Guaday attendance, 597, Tho highest 
monthly attendance was reached in April (34837) and in Awgust 
(14,084); the lowest monthly sttendanes in December (6,418). 
There were 1,000 visitors to the main offic: daring the year. The 
ETE MERI 
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Three illustrated talks were gives: hy members of the stall before 
three local orgamizations Upon request, 15 groupe, ringing from 
2 he 15 person (ны! 140), were giren imstrnetion in the study 
room, and 10 groups, ranging from 10 to 50 persons (total 203), 
were giren docct service im the eahibitzon gallons 

FEES MEL 


On Felreary 15, 1087. "Thomas В. айымен, painter, raLired, afir 


16 years of moat excellent service. 
Grè T. Whitney worked intermitiently аб the Gallery between 
Саг 15, 1826, and Jure 29, 1881, on translotionn of Регаїлн tents, 


Reepectfelly eshniitted, 
J. E. onan, Curator. 


š 
Dr. C. G. Annot, 
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š APPENDIX 4 
REPORT ON THE BUREAU ОР AMERICAN ETHNOLOGY 


Sm: I have tha henor to Bibit the following report on the field 
researches, «се work, and other operations of the Bureau of Amar- 
lean Ezhnology during the fiscal year ended June 5), 1907, conducted 
in accordance with the act of Congress of March 19, 1988. ‘The act 
referred to contains the folbowing item: 

Amarkan июни ! Fer Sy ling athtaliginl rameke among Cha Amor- 
ian Indiana ood the natives af Hawai, the şaran amd possermarion ûf 
агсанд remains uzder эг dination of tbe Berl kaser n Taito tin, Шеті; 
Ing Seti employees, (he preparation of mancsoripis, drawings, apd [lee 
тайа, the porches of куй ated рогба сайх, amd (rnvrling expenses, БЯ T3050. 


БҰЛТЕМАТТО RTAEARCHES 


M. W. Stirling, Chief, spasi the major part of the fiscal year in 
Washington, dicing mhich time the ethnological repart on the Jivaro 
Irdiazs of Ecuador wns completed and submitted ta the printer. 

At the век] of February 1007 Mr. Stirling left Washington for St. 
Maguire, Fla, in order to attend the comferonce held ander the 
nuspises of the Саттер Tnetitution of Washington fee tha 
of outlining a program of research concerning the histerieal and 
urcheclegleal past of the city of St. Augustine and vicinity, Ab the 
tomelasion of this бун берей. he eontinoed із Manaleo, Fia., im order 
Lo елігіп some interesting newly discovered mounds in that vieinsty. 
Continuing up the Gulf Coast of Florida, a visit was mode to Bristol, 
àn ie Apalachieola River, where a shard collection was made on a 
large monnd near the river south of the town. Mr. Stirling then pro. 
овоо to Panama City, Fla, in order t» photograph several private 
archeological со! не ая. 

From Panama City, Mr. Stirlleg weet tà Ма, Gi fae the par- 
розе of examining the large archeological project there whieh waa 
inmugurated by the Smithsonian Institution with tha Society for 
Сера Archeslegry and now being conducted under the auspices of 
that society by Dr, A. R. Kelly, From Macon, Mr. Stirling proceeded 
to Philadelphia, Pa., in order bo ated the In&ernationnl Conference. 
on Early Man, held umder the auspices of the Philadelphia Academy 
of Scams Са tha conclusion of this eomferemes Mr, Stirling 
тшлген to Washington. 

нии LL 
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. Brirling was delegated to represent the Smithaonlan Institu 
tion at the seating held at Media, Pa. on Мау 18, 1881, in honor of 
the one husdredth anniversary of the birth of Daniel Brinton. 

Dr, John R, Swanton, ethnologist, devoted the greater part of his 
tines during the past fecal pear to work ms chairman of the United 
States De Soto Expedition Commission, This involved Geld expedi- 
Шова from November 11 to December 0, 1088, and from May 10 te 
June $, 1881, exept for 3 days, December 8 to 5, devoted to a meeting 
of the Commission at the University of Alabama, Tuscaloosa, Ala. 
а Но pE хэр arpa 
Mississippi, Louisiana, "Texas. smcorul was to an 
interia study of that section of De Soto's roate which равамі through 
northern Mississippi. During these expeditions small collections of 
үсінімгі wara made, which will b of assistance in studying the mal- 
tures of the prehistoric inhabitants of tha several apama visited. As 
chairman of the fact-finding oominibboe of the same Commission, Dr. 
Блғапбоп prepared а report covering about BH} type=ritten pages, and 
this waa adopted by the Commission at iba Tuasealoosa mocking and 
отті in it report to Congres, The entire report has sinon bean 
кейшй, bet, аа EM ME MAH PIENE 
кіріп io add material, and he is engaged in doing во, 

During the year Dr. Seunton also made some шэн to his data 
Gü the Indians of the Southeast, amd he has been collecting from orig- 
inal scurees the most important references to the Quapaw Indians. 

ШЕЙШ tha and of the fsz] year Dr, Swanton Фетвы as a member 
of tha exestive comanlttee of the Division of Anthropology and 

of the National Несекгеһ Council and as vice-president 
af milen H of the Aminani АвьхЧаНаа for ths Advancement of 
Science for the current. calendar year. 

n Truman Michelson, ethnoleglst, renewed hia researches among 

the Algonquian tribes of the James and Hudson Bay region andar 
а grant-in-aid by the American Comneil of Learned Яосіміва. На 
spent some Linia at Moos Factory, and a short time aL Fort George, 
Cres at Moon Factory and sama Indiana from Ruperta Неше ал 
well ав on shipboard, he was able to do personal work with them. 
Ву correspondence he obtained some additional text-material from 
Rupert's Howe; by matting the manager of the Hudson Bay Сола 
post ab the (boss River and an Indian from Las la Honga ha ob- 
tained date from these regions, The results of the previous expedi- 
Lian were checked up ая much as feasible. It resulta that the state- 
meant made prerjousiy Ши! east of Hannah Bay Ores leaves o8 авд 
Могїадталн-Зааар! begins is confirmed. Besides texts and vocabu. 
laris from the general area, à rather complete schedule of kinahî 
terms for tha Groat Whale River Indians, those of Fort George, the Cron 
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of Mons Factory, Albany, ittawapigket, анд Манай waa obtained. 
Very obviously the aystem of соёзалцрайайу favor» cromecousin 
marrige; and it is to be noted that at the Great Whale River and 
Albany both types of this marriage coeur; at Moose and Attawnpiskat 
itis restricted to marriage with paterna] nuns daughter; at Woenmale 
apparemily nelther type obtaina. It may be mentioned that by lin- 
guiatio technique it is possible te show im the places mamai thai a 
number of okl terms Һауа been replaced, а, g. tbe term for cross. 
теріне has been replaced by the term originally restricted to son-in- 
law, ete Ales the kinship systems favor ехорипу, but be has псі 
been aide to find. à tros pena or clam organizstinn in tha whaln area. 

Dr. Michelson returned to Washington September 20, where be 

studled the material gathered on Ши and previous expeditions. By 
denen with Hndann Bay Сон officials and a missionary 
he obtained data on the Cree of Cumberland Hoase, Norway Ноне, 
С бат! Henn, Trout Lakes, God's Lake (all dinleta іп which orlginal 
Pda replaced by n), Montreal Lake, Stanley, Pelecan Narrows (dia- 
ре тн ee А study was made of the 
erae cuna, over ІНІ veers ago; Мин orthography plainly 
indicates kh, teh, and sama other varistions are representatives af 
one and the simo sound, namely, tho ono munlly transeribed by za. 
"This study enabled him also to make at beast one correction to the 
Handbook of American Indians, and prove ава supposed Аа 
triba actually was Moentagnais-Nasbapi From correspondence it 
таша appear that the dialect spoken a£ Island Lake Fš a mixture 
іп а number of places (Шегі is eich a шїхїїїтэ, bul apparently mob cm 
the same scale, A map showing the distribmtion aml iniermelations 
of the Cres and Moringnaiis Малын dialesia haa been made. Тә. 
nical papara have appeared in professinnal jemrnnla, ancl ethers have 
been pened and ame awaiting publication. "The Buran published 
Fox Misellany (Тийн 114), tha preaf-sheets of which wara 
«хугас! during the fiscal pear. 

At the beginringr of the fiscal year, Dr. John Р. Harrington, 
ethnologist, ргорагей a report on the Use of Fema іп the Pasketry 
of the Тайне ef Northwestern California, esnlaring an the um of 
farn species meng the Karak tribe. The busketa of ihla section are 
really bulit of bomber, that is, of the shredded recta of the Oregon 
pine. Hut the two materials which make the baskets beautiful are 
the glnery ЫК of ablenhair fern stems and the handsome red of 
Woodwardin fern lamenta, dyed with alder bark. 

Dr. п paper on Kiowa Mimoria ай tha 
Black Hille and of the Devis Tower, The Біол Шила, 600 
miles to the sowth, still have memories of the Black Hills country 
af South Dakota, which they сезімі soma 150 уеага ago. They 
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a la in бин # Манна, oas prong g extending down the 


Chukchi Penizenla, From this point they юре and spilled over 
inte Ameria, using the Diomede Islands ns resting places on their 
transit, if this were during the period of the existence. of the Dar. 
Eng Strait, aul Ги! ны! thm fe карр1у don what 1 i miw tha 


А paper was prepared om the Life of Jeronimo, Apache Indian 
Chief, and the Indian leader whom expeditions probably cost the 
United States Government more money asd treshla than did thease 
of any other chieftain. The life and times of Jeronimo were 
minstely searched, and data were compiled in chronological order. 
The material of thie paper is expecially intorseting іс the Amerin 
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public ns it deals with a peril already dimming im tha mamarias 
of living men. Tho name, Alope, of the first wife of Jeronimo, 
was dicovarel to be merely a corruption of ibe Mexican Spanish 
аша. Guadalupe. 

Studies on р ший relationship іп the Southwest and California 
were contimued. These studies have resulted іп the discovery that 
Tumo-Kiowan ава Жайган are дшш у related, and to this larger 
group De. Harrington gava the nama Patin, The dissovery was 
mleo тийн that Hogi i» а Southern California Shoshocean dialect, 
adhering developments ka saman with ihe Sowikers California Sho- 
thonean dialects, amd conetiinting with them a dialesie group of the 
Aztecan family in contrüdistinetson to any other group. This unity 
оѓ Норі with Scuthern California Shoshonean wea Ёга policed many 
poari ару, Ша werd for wosd-rat. (a. р, Нора quaa, wocd-rst, South- 
erm California Shoshnean adala, wood-rat) lending immediately tn 
the discorery, № was also noticed hy Em. J. № Swanton and Ir. 
Harrington that Tuame-Kiowan and Shoshonean hare poetic rela- 
tionship with the langages of the Southeastern Uzited States (Mask. 
bogean, Chitimachm, Atnknpa, Тосїсалга, Timas), Tano-Kiowan, 
for instance, and all the Southeastern languages above-mentioned 
showing the characieriéic prefix mz-, something, weed im deriving 
nouns from verbs (& g. Tinian fiz, to dwell: зам л, ham). 

АХ the beginning of the facal year Тут. Frank Н, H, Roberts, Jr, 
атна одікі, waa enraged 1 in axcaveling af the Linlenssipr яв um 
northern Colorade. At this place remaina aktribatable to the fiir 
terial cultura of Fülsom man, one of tbe таг ай! known inhabitants 
of the New World, sre found. The 1490 investigations: constituted 
the third season's work there, nmd valeahlo new information waa 
obtains! on this important phase in the study of the history of the 
American Indian. Digging шаң carried ап at three different por 
Шола of Eha sabe, али! eeeciderable new bone matérial and several mw 
types of implementa came from the excavations. Most of the bones 
were from the large extinct species of bison (Pion Муй} which 
the people hostel, but in addition a number of bones from the Amer- 
зыт camel, probably Сатар, wama obtained in direct association 
with the bison bones and with steee implementa. This slda one mon 
extinct spicka of animal to the list of those found with Folsom 
artifacts. (me of the signiGeant facta established hy the work is 
that tha ste wae occupied before and daring а period characterized 
by the formation of a thick, Mack wcll gur ойым by Балт тарь 
tation that thrived when conditicsa were more favorable than those 
of ressanb bisnes. That tha people wara thara bafore the ineptire ай 
this eru of abundant growth paints to nn even greater заг хүи Ши 
Ны: maggested by the presence of implements asd bones in the bottom 
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of the soil level, The werk was bremgh to а close September 5, 1838. 
In tha latter part of August Dv. Roberts also investigated в site 
мат Kurses, Colo, where Folsom type objects were found by Е. W. 
Powar and Bis son Wayne, residents of Greeley. This location is 
on a low terrace of the rolling terrain lying slong the | 
of the бош Platte River valley. Present evidence indicates that 
it was п camp, but бо cocupied for n relatively short period of time, 
Specimens obtained there represent a typical Folsom complex. They 
are so similar to chose. from the Lindenmaler site that it is diffiealt 
to distinguish between specimens from the two sites Donda are 
scarce, ав those recovered are so fragmentary that they are valuclum 
for determining the species of the animala represented. 

Aiter tha completion of the Lindenmeier and Pawara aite investi- 
gations Dr, Roberts proceeded to Starting, Colo, where ho visited 
and inspected a number of gites in that vicinity, ШІ proved іо be 
of mora recent origin than the Folsom type material. From Sterling 
Тс. Hoberts returned ta Washington. Thè amtumm months were 
spent in the «Жез working over the materinl obtained during the 


summers investigations. 

February 94 Dr, Roberts sailed for Cairo, Egypt, where he served 
ав опа ef two American experts at the International Conference of 
Archeslogiata held March 8 to 17, under the muspices of the Com- 
mittee fer Intellectual Cooperation of the Leagas of Nations Аз his 
part of the agenda for the sessions, Dr, Roberts presente] 5 paper 


а Geld жай, the төсігізд of equipment, the establishment. of feld 
heads and the gurra administration of such a project. Аб 
the cles of the conference be visited n number of sites in Egypt 
and had an opportunity to study methods of excavation and general 
areheslogieal prosedura ав practiced im the Egyptian area. From 
Egypt be went to Greece, Italy, France, and England and studied 
eolle:tlons in the museums aê Athens, Naples, Rome, Paris and 
London. На тынған to Washington April 84. 

On May 91 Dr. Roberts left Washington for Kingman, Aris, 
where he and (C. W. Gilmore, curator of vertebrate paleontology, 
Tnited States National Museum, investigated а find of тамсбон 
kan and man-made objects. The deposit ig located near a large 
spring 24 miles west of Kingman. А week's study and excavation 
demonstraied that the malarial was a secondary deposit, washed in 
from surrosnding slopes, and of no importance from the elimi- 
paint of the association of man and extinct mammals, Пт, Roberta 
left Kingman on Jene 2 for Denver, Colo, and Fort Calliza. Он 
Juna 12 he memmed excavations a the Lindenmeier site. Ву the 
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Thorne. Numerous implements and considerable additional in- 
formation were obtained trom this work, These data serve to round 
өші mere fully the etary of the customs and habits of Folsom man. 

During the winter months Пт. Roberis also prepared several 
manuscripts on the subject of the work at the Lindenimeler site andl 
on Bouthwestern archeology in general, 

Upon Ма return from Spanish Honduras early in the Паза year, 
Тт, W. D. Strong, anthropologist, spent hig entire tima im working 
over the archeological collections from the Thea River, With ibe 
assistance of Alfred Kidder IT, and Drexel A. Раш, Jra Dr. Strong 
completed the report om this work which i» to be published in tha 
Senitheonian Мс атыз Collections ander the thils “Preliminary 
Берен on the Smithaesian Dselitulion-Harvard Univereity Archeo- 
logical Expedition tà Northwestern Ноти! гав, 1956.7 

From July 1 until late October 186, Dr. Julian Н. Steward, asso. 
сізде anthropologist, contineed hia work of the previous year among 
Shaskeneasn tribes in tha Great Basin and Platos areas Но had 
imo objectives: Firg, to study the ecological basis of the social and 
political orgunizstion of the bands of horse Shoshosi in Utah and 
Ydahs ba supplement kis ргитізшя study of the fest Shoahoni of 
Мели | second, bo continues his ethnnpgmphie survey by means of an 
element List. An clement list and satisfactory ecological material 
jer nrecuned from the following: Basnock, Fort Hall Shoshoni, 
Leah Sheshonl, and Grouse Creek (northwestern Utah) Shoghoni 
at Fort Hall, Idaho: Promontory Point (Great Salt Lake) Shashoni 
at, Wnsbakie, Utah; Pahvant Ute (now almost extinct) at Esah, 
Utah: бегін (dntarminad ta ba actually аал ал Жш! Тайнт 
am! at Dep Conk, Utah. Before returning to Washington, Dr. 
Steward drove to Fallon, Mar, to салаті guane caves вані to hold 
решш, but Teand little of inierest. На тн by way of south. 
erti Nerada ani вошт Utah, making brief visite to several Sonth- 
ртерагайнь. of remwoh materiel far сайд лэ and aigal marus- 
“ripu have been 

‘The beginning of the баса] year Tound J. N. B. Hewitt, ethaolo. 
кіні, on the Tuscarora Reservation near Lewiston, №. Y., where he 
went фо continea his researclum on the League of the Five Irequoia 
Tribes. From Lewiston Mr. Howitt proceeded to the Grand River 
Grant to the Six Nations in Ontario. Неге he had the good fortune 
to obtain в complete Mokawk text ambodylng the so-called Hand- 
sees Lake religious teaching, this document consisting of more Шил 
5700 Mohawk res. Considerable additiosal information was ob- 
tained concerning the interesting dual natare of the tribal organiza. 
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his rebar Во Washington Mr. Hewitt completed the trans 
ad tha Мот taxt giving details of Cha birth and ок child. 
howl of Degunnwida, also another Mohawk text giving an account of 
the dancing lada who finally became tht Р Малаа. 
Daring tha mesih of June 1837, Мг. Hewitt agmin left: Washing- 
ton for Brantford, Canada, in ordor te check over in the field hia 
twe large manuscripts in Qnondaga tert, ome being the Iroqnola 
Мете Year Ceremony авд tha ether consisting of the four Thanks 
giving Festivals Tho end of the fiscal year found Мг, Howitt иШ 
im tho field асыры im this task. 


XEZSTORLAL COR AND FERSAN 


The editing of the publicationa of the Bureau was continued 
(гений the year by Stanley Searles, editor. | | 
Пена 114, Fox Miscallany, by Traman Michelson, was issued 


during the year, 

Bulletin 115, Joarnal of Rudelph Friederich Kurz, edited by J, М. 
B, Hewitt, was relensed for prin i AM 
Bulletin 116, Ancient Caves of the Great Sali Lake Region, by 
Julian Н, Steward, was reliased Tor printing. 

An index of Sebooleraft's Indian Tribes, in six volumes, haa been 
further advanced toward completion. 

Werk has been done ош other mangeoripts in the custody of the 
Foblications disbriberbed ісішісі 14,704, 

Mim Miriam B. Ketchum confined in charge threaghout the year 
ag librarian. 

hegemon during tha fiseal year numbered 880 volumes, bringing 
the total number of volumes in the library to 81,115; there аго also 
nbout 20,000 pamphlets and айн 2,500 volumes of unbound рег - 
The somber of volumes prepared and sent to bindery was 1.2500. 
Library of Congress cards have born obtained for practically ай 
af the new books received during the year aral for some of the older 
material. АП mew material is being анаан! in the Library of Com 
gre scheme of classification and separately shelved. А partial 
depository set. of Library of Congress catalog cords has been فا‎ 
lished and will shortly be installed in working order. 

Tha work of refilling the catalog continues — Thirteen drawers ага 
шэн ийн 
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А. great many missing numbers have been reynested amd nearly 
a or kaaa Tapa a Gi ар раа DS RA 
volumes of a sot. Of the exchange sets, 8 old sels which hed been 
allcwed бо lapee have been reestablished, and 11 new әсіп have кеп 
established. 
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зүхэж 1 
пеніні аталса Із Pda doring the winter of 148-54 іп 
наала wixh rie Felera] CL W, А. 


MISCELLANEA 
Turing tha cours of the year information was fum by 
members of the Bureau staff in reply to numerous inquiries concern- 


Регвонаы Miss Helen Heitkemper, junior sbanographer, retigned 
March 16, 1981. Miss Erhalwym E Carter was appointed May 1, 
1801, TEETER 

His ally se 
ару М. W. Ятиална, Chief. 
gle. С. С. Авит, 

Secretarg, Smithaonien Iratitution. 


r APPENDIX 5 
REPORT ON THE INTERNATIONAL EXCHANGE SERVICE 


Em: I kawa the honor to submit the following report on the activ- 
ities of the International Exchange Servien during the басы year 
ended Juno B0, 1081: 
years ago, in order to supplement. the amounts granted by Congress, 
which hare newer been sufficent to moet the entire expenmm of the 
Exchange Service, Ши Board of Rogenta of the Tnstitation gave au- 
thority to charge governmental establishments 5 cents а pound for 
forwarding their publications abroad through exchange channels. 
The collections from that source during the year were 887148, 
making the total resources available $48,121 49. 

The number of packages handled during 1837 was 001546, ап 
increase of 60/485. The weight was 631441 pounds, an increase of 

Ths ing table gives the number and weight of packages sent 
cusses: Parliamentary documents, departmental documenta, amd 
scientific: авд Kterary publications, 
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In some years after the organizetion of the Smithsonian 
chins 28 ere ag CH eluded at Brussels between the 
United States and a number of tier countries two exchange conven- 
бова, The first, Convention A (Stat, XXV, 1405), provided for the 
international exchange of official documenta and echentific and literary 


Mar. B, 1867, alting aside. vd regendam 

dor exchange purposes; Stat, XXXI ры mur 
tiom approved Mar. 8, 2801, increasing the number of dovamants foc 
exchange to not exceeding 100 copies; Stat, XLIII, 110¢—Printing 
шаал eat SKY. gael sry barrell 


h Аел 

Eight countries M i the first convention, namely the United 

Stain, Balgium, Brazil, Italy, Portugal, Serbia (now Yugoslavia), 

Spain, and Switzerland. ‘The second convention was signed by all 

of эсэн comnirims excepi Gwitterland. Бепо» the ratification of the 

Brussels Conventions the following countries have signified their 
міҺөгеесе Кате in the order ің which they аге listed : 


L Ummik ore, 1500, 
E Argentina Repubac—iontencdien A, 1558 
Ë. ГРатагаат-саглавл аа А, 


Although not all eoantries joined the axchangs sonrentions, вый 
of ihom not listed above have entered inte exchange relations with 
the United States asd have established oficial buresus to conduct the 
werk. 

FÜREIIN DEPOSITORIES OF GOVERNMENTAL DOCUMENTS 
There are forwarded to foreign depesltorims 111 sets of United 


States officia] publieatiens, 61 of these being fall sets авд 50 partial 
pris. Tis барийсгу сі Ша ЭШ na, kerimi to Рис han kasa 
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changed from the Biblioteca Nacional to the Sección da Propaganda 
y Publicaciones, Minisinria de Relaciones Езінгістен, Lima. 


PPT GF GILT. RET 


Aeris! Mluisterjs de Helaciozes Елістілген, Humana Aires, 
Eiurkos Алика: DEhllonena de № Полагая Nacipua? ба Га funi, La 
Finis, Ти агт of (he Prevines of Poania Adres) 
Aurea Libewry of ihe Commonwealth Fa Hiatal, (Салеарга, 
Hew Sour Маша: Poblle Library a£ Now болгон Wales, Spyürey. 
QumsLAMP: Purlaméeshars Library, Паф, 
Ботти Ausrmariauz ГатПапитбзту Libzary, АЛЬ НЫ. 
Tanti? ГатНаньаватгт LUbeag. Hobart. 
Тастама: Райи Lira af Үй га, Melber. 
Weems Avera: Рас Library of Western алаға Па, Perth. 
Ayam; Mutional Mbiicthek, Wien L 
Hit: ШИР лаа Hayali, Bruxelles 
Евала: Ний Machosat Hago de азтай. 
Балара Library of Гаг маны Оаа. 
Mimoni: етігін! Library, ТГінніред. 
авалан: Legislative ІЛығағғ, “Гэвч, 
umm: Library af the Legislature of the Province of Quebec. 
ÜCmrxa: National Chantral Library, Haaking. 
Гы і Bibllebesa EBasesal Ра, 
хата lica: Ofcdna de DsgGslsa y Cunje Inberzacional de Pulicacionem бал 
Toa. 
соты! Berela de Esto (Aeon Generales y Gn EZubernaclonal), 
Hakam. 
Curcnoararaxra: ШНЫҢЫЫНуша de Лани Ма нийг. Frigai 
DENMAN 1 1 | Cu 
Бог! Boreas dia ТЫ аьа, Mixlabhré doa Maiza, Cala. 
Espera; ИШ галл ш (Fist Library), Tallinn 
Pas mag: НШЕНЕЕ ана. Mateasls Paria 
matey: Беан in Relchemicleteriom dew Lenora, Hearia 412. 
Налат: Чиг  и-ЙПЛНЖЫ, Егеінер) (Шероийнгтү of тіз Sirie of 
Tadaa.) 
Каан. Бәтегінсзе glüristibilribek, MH Urata, 
Бабына! Бұға, Sbastebfellorkex, Bariin, М. W. T. ~ 
Bamar; Нда Lamndestiblisthek, Drejer. ñ 


ай the Leadon Coast Carell.) 
Нинбаэт: A Марта: —X SN künyrtark, Boda pest. 
Таға: lmperial Library, Calentta. 
Ткани Were Втлте: National Library od Dreirad, ТЕНЬ. 
Turr: Habre басан ханаа, fien, 
Jarani Ipspertal Library of Japan, Tokyo. 
аттта: ВЫ d'Erar, Rigi 
ar Marie! Library of ibe league of Найога, Genera, бзіінегізе. 


BA. ANNUAL REPORT SMITHAONLAN IMETITUÜTION, 1087 


Noema: Таше: Н. М. #са&агету Miki, Тайлан 
Хоштат: UniwerzibetelMbllorhek, Oslo, (Геромпегу يي ي آي‎ Да 
РЕТ: бесу Жа Propaganda у  Peblleacionaes, Miclesterle de Баман 
“Ёс Бага, Lima. 
Pouce: Бйр Mrkipnale, Warem. 
Поет Виа Жый, Lien. 
ты Асал ал! Dare Пава 
ағыз: Bervicia de Cumbia bmberwerlonal de Publicaciones Paseo de Бичэ саа 


Sense: Kungliga Tbtieteket, Btockboln. 

RTL: БЫНЫ Centrale БО гара Barea 

emery) Шігініта de Plnsiraethoa Раоа, Azbira. 

Umor оғ Borm Ағыса: боле Libru, Pretoria, Transrzal 

limum ar Hover Hocnarsap borma: Бініс Central Есек Chamber, Moscow 4. 
Такка: All-Ukratminz Association far Culteral Belotioos wiih Perdu 
Tamiri, ЖШ. 

Wwecrarz fina фе Canje глвгтанХолал da Publiciclozass, Moabevideo. 

TEEMA: Mhina Nacional, Сатагаа. 

Vusearatia: Милийга da l'Éfuenilos, Helgrado. 


BEPONTITONIES OF ТАЛТААЛ, FETE 


Авсналаасан: Шыны af Ferge Amira, Тэг сайн Doenarimezko Habol 
Атага: Vienna? Ningistrat der байн Wien, Abirilung 5.2 лаг КК, 
Hansa: Billets, del НІ. Congress Surlenal, La Рав. 
Пт: 
яна Cue: Düreetarin Geral ба Бал сн om Hirss, Bello Їгїй. 
Eus ра Jarm: FEüslorbesa da Aauwxnbiea Ілшілізісга dz Exindo. Micihrray. 
Terri (111453 | (Government Reenetirp'm (Cow, (Бессти. Damar. 
Тела: Ministers dea Айген Ééranpérem, Sofa 
Фала ; 
Ale: Рета тает. Edenton. 
Barus Dayaz; Ferrell Meran, тесетін. 
rw Hauwawre: Їл та Libs&ry, Р ой ра. 
Nova Вена = uerba] Feri FF? of Nora Веза. Halifax. 


Caram: Chief Becretary'n Office (Висесй Department of the Library), Себа. 
Cupra: Канон! Library. Peiping. 

Тит: Rindik, Татар, 

Thain Errem: — n ara 
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Е Макихаа!, (аашаа, 
Неа кенішіне ГЕНІ ñas Пейн Етін, Prstan-Prinsa. 
Шсоргжав: ЕЧЫЗонна T Archlvo Мьцокана, Тєв ара, 
Їнэ лээ: Мацея! Library, Reykjavik. 
Їнэт : 
* Аяялы: General and Judicial Departmeat. Shillonz. 
ехали: Ёестоёлту, Rangel Legislative Goonell Depariremé, Counsel Woe, 
Calcutta, 
Тигиш ond Фалаал: arena pa Hs Paina 
Tmar: DmderserretAT] do the Üorermmenr ef Bombay, üeneral Dapart- 
ment, Шан Бат, 
Шткыл; Бестебіті 10 Ube teers of Pamma, Edecntien Department, 


Бапта. 
Car, Perec: Generel Ателье гєш Department, Hugper. 
Малая: Chip Beerelàry Dé Ие Інтетапння of Майгав, Fubse Depart- 
merê, Madras 
Pusan: Chief Bzuresary io the Gereromeng af tho Punjab, Labor. 
Usame Ferrans or Авиа AMD беті: Universtiy of Allahabad. Абана. 
Jàuasca- Салтын! Beery, Enon. 
Lima: Department of Sisir, Moores. 
Ілтитакть: Міпінііте бох Aires inopi, Haunas (Boros). 
Малта: Miner for Шис Treasury, Valletta. 
NSF ллнн 1 Departmersi of Wome Айра, REL. Joina 
HERRE A : Superztendenis dg Ассы тоа Минора, Mane рза, 
Parini: Secretaria de Rélachores Exterior, Parra, 
ашынат: Beeretario ба la Presence da іл Пср сл, Anneka. 
Ватхалхж: Міпініттіс de Eelacioncs Exleriores, Ban Бате, 
Bru: Department of агаш Affaire, Bangkok. 
тюшти Биттанылентит Celonled Sesreinzy, Siagaport. 
Tareas Grrr: ШЫ Араний га Тайгала. Vaticum City. Tal. 


TSTERFANLIANWENXTAEY БАСАГАН ОК OF ТИЕ СЕТЕДІ. JUU BG AR, 


The forwarding af copie of the Congressional Record amd the 
Federal Register ta the Bibliothek des T'reussischen Lardiags, Bertin, 
has been disesntinnel as the Landtag has been abolished, The fol- 
lowing have been added ts tha list of tham meaiving the Congres- 
тісте! Heeord ший the Federal Regivter: Stasiskanzrhei dew Kantona 
Berne, Staatskanzlei dea Kantons S. Gallen, Staatskanzlei des Kan. 
tons Schaffhausen, and Btantskanzle: des Kantons Zürich The total 
number of copies of these documents now forwarded abroad ia 10. 
A eoenplaba Fist of the depositories із given below; 

AMA: BMpIsbstribun Mibreimora а Pantech? Тайынша, Tirta 
: del Comme Мєн), Шайа Ares, 
Сашага бе Dijatades, Oficina de Ixferrsacién Parlamentaria, Buenos Aires. 
жататы: 
ар inf the Comrmomweshüh Parlament, Гагімтті. 
. Laer t trr of Furüament of Бат Brah "Ғана Будаг, 
Qos: Chief Secretary's (Eee, Brisbane. 
Wie Атина: Library of Parllameent gë Ween Ayras, Ретті. 


бё: ANNUAL IEEPMMERT EMITHEOXIAN INSTITUTION. 1831 


Amnn: Mh hek (rà Hause der Pundonpeewtrgebusg, Wien L 
Tuner; ЕН Je a “мағы des Papeiaantanis, Ромен ви, 
Битта: Biblica del HL Congreso S ücbenal, La Pam 
Trie: 
Biblioilexa do сатта Nacional, Edo de Jaraira, 
Alas: Archivo, Bihlaibecm e Impremem Publica, Mania. + 
Нанта: банйгаадаг do Estade Фа This, SES Ralradar. 
Еяншто Sammo: Гттанктыіп do Емші do Espirloe Banio, Үйлс. 
Tina {йалпак то Br: “А Wederiglüe", Dese Жете. 
Беш: ihidem Pubties do Emado ds тєг ар, «Маса10- 
Bis Pame! Diario Olea do Extado dè Зав Panig Rio Pauls. 
Herta Шой: Calanial Вастнағу, Боль 
Паміра 
14Б:алт ef Parilament, Отата. 
Clerk of Ба Senate, Beasts of Parliament, Ottawa. 


Derm Eas Іктека! Valberead vem Neleri nie, Еліптін, Јата, 
Err: Бсгтал dex Pohi Мн га бға УЧиалжка, Ceira. 
Eman: Higiragsiriukogu (Sta Lisrazy), Таїйнн. 
Раки 
зг m [ipek Service dq Галоген Шов Гатмжнийшїгє Éxrkzpére, 


ын de блаа, вв Гала du Lusrubourg: Ран‏ نو 
es Tirama Ші Accords болпагсїалах, Шігізіге do “янхан,‏ 


шиш 
Тинцагав Найдыдада-НИЙБННЖ, Berlin, М. TW. T, 
Нийслийлагцангаж ити. Петір, 


ANHALT: Хишиг ZLardüsakürberel Taasan, 
Sumer) Eihdlothek без Етипаксктешініні Einstaministwriusa, 
Trannahwel. 


шее ыгыр: 
Жоаоа: ОИеліӛлерініне Si&atenini&erium, Ой ЕЕЙНН L Uk 
Ёсмакгмилл-Їлээк: Sehaumberng-Lippüscbe Laniespegleruisg, ШИС ГЕ. 
наған! Gibraltar arrima Library Cummins, Gibralnr. 
Сыт Пата: Libeurr of the Forigo (iter, London. 
Dimen: Library of Parllmesb, Athena 
GRATE: Шынға йл Da Amable Lagla tira, os Вены ла. 
Шолутаяв: Dibipotecm del Congreso Nacional, Тегосцайра. 
Нимат: т ОНЕШ утна, арЫ. 
Тнтаһ: Leghiniwe Гзарагихав. Біла. 
1алх | Library of (ke Iraniin Ран шнэнгл, Teiran 
Ia: Chamber of Depuis, Тав 
Енген Fees таты; Dull Eireann, Dublin 
Ітшт: 
Eibtictesu della Camera fel petal, Hoo. 
Elobes del Remain dr] Berns, Үлэг, a 
Пек deti бин Тариан, Banara del ерте, Rome, 
Lari: Valsts Biblleteka, Ripa, 


Leste cw Матери: Libriry of the Lekpue of Naisia Селата, БЕН. 
Limia: Department of State, Meuroria. 
Merroo: Secretaria de la Cámara de Ipuina, Maria, D, P. 
AsUDiBcaiIE TER: Üobermador del Шалба ба Agwasculienies. Agusscadenim. 
CAMFICHE: (cbernador dal Eads 46 Campeche, башын, 
^ (Wares: oberzador del Estado de Chinpas, Tuxtla (Patlerrez. 
Cumpana] uberzsdur del Estado ба Chikuskus, Сызған. 
Опан а: РегН сэ Dida del Prado de Фоглийа, Райн de ebherpo, 
заш. 
батыл! Clebarra dam 444 Быз da Colima, (ыйа. 
Deamon: Фоджа бог Cousdpacisnal del Estado de Пата нро, Гнғалару. 
Соар Beeretaríi (enema de Cloblerna del Зайн, пазл kaita, 
нажас Holmer dich Éwtnéo de Goerend Сийрагс ра. 
Juno: Ніккиген del Кайн}, Паайа! ага, 
Low CAL: бсБоглабат del Dirite Morte, Мекісан В. С, Marica 
Mexico: Gaora del Godierna, Teton, Meri. 
МіианырАз: Шыснана deseri] de Goldene deb Brinde de Micbosrün, 


Мотеша, 
MoRELOA: Polack ба obits, Gumati. 
Малае: байнстайағ de атал, Тері. 
Mure Leow: Ыга de] Елтай, Магаттер_ 
{тайа с Рата бїс, Palach йа Gohlarra, Chamaca, 
Pues: Secretaria (Ойынға de Gobderpo, Бағын, 
Е Fla iie al de Софы, Boccia da Archivo, аһа, 
Bas Lore Foros: Congress del Entado, Бап Tals Painii 
PES a Edu, | I 


Банева : cbemader (бй Еаї de Samora, Ниссан, 
Тавынж: Becaria Oeneral би Geller, Beets Ba, Tans de Praia, 
Willa ығын. 
Takaia Beri (Gereru] de Goblerna, Viriprin. 
TLAXCALA: Beer rin йл Geblarae de] Estado, Т1штгаш. 
“їка. Cane: Oobcrrugor del Enirio де Tera Cruz. Depastumenip de Ttar- 
їйїп y Jarida. Јери. 
Үргсал4н: Üokernadsr бел Енгайг de Тэрхийн, Mella, Tomiin 
МЕН ЖШ: Gemme] Asmir ТЛ ту. Wallington, 
Mervar: Biprihingetm, ETHIE Cela 
Perv; Cámara de EHpztdos Tima. 
Torah: Hiblleieks Modena, Tarsus. 
Potrvaan: Штаты di Акши Майор. Lübon. 
Erna min 


HEBET de la Chambre dea Їнэн, нг, 
Е Мішінліге бга А агаа Érrampirta Dohaina 
Hram: 
Bihis ded Congeee Малай, Madri. 
Салилануй : Вафа del Parlament de Cutabunys, Barcelona, 


Hz п 


Gt, Gallen; Банан dea Кагисиа Ht. (allen. 
Behiffkanasn: Hiialskanalel dea Huriozs ЁсБайТБалнын 
Diridh: Бінілікшілісі des Бапан Iriel 
BETHEA r 
е Міігдге дм Finances ds 1а Jpulique Шілане, Berricc du Ний, 
Tireirnt., 
Üarernar af the Biase of Alusalnca аянына. 
alid 
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Trice; Turkish (rum 1а Невел Arrenbif, Ankara, 
Timex ок Eve Алаш. I 
Library of Рага, Cape Teen, Сара of fond Шора. 
жалға Libary. Peeters, Tm 
Үлагаиал | Diario Ойдай, Cally Florbia 1178, бокс ео. 
Faria: БН del (хақты, Сагагаа, E 
Timun (rrr: ЫНгыса Ареа Неа Vaikams, Vatican (лит, Btaby. 


The work of the Peruvian Exchange Agenoy has been ігале еттекі 
from the Báblioteca Naslonal to the Saeción Па Propaganda y Pub: 


ATTA, тіз FERES. 

Avesta, тің Portugal. 

AmuEXEINA- Dominica Protectors de ПИГ гаа. Рериг, Canje DmbmrrariorÚi, 
Саты Cuties 1545, eenaa Airea 

Aramin: Таштай aaa, Maibalik, Wien, H. 


Шашты: Gina Haclomai de Eedi, La Раљ 

Taim.: Silê de Бағаны Entermiclernes, HEIRS Мнн, Els dà 
«ніга. 

Нигтап (илана: Heyal ЛЕЕНЕ and Сагил! Heelety, (таг нү. 
Toran Нолисван; Clan] Bereta, Thiim, 

Éigiiakis: iio lea Wijnia de Н, M. do Но de  ийцэла, Sofa 
Üasüna: Жеті іт mall 

Салаа ТЕН. зїй Фра. 

бып: тоно de Danjea Pniernasüomales Реса Мөн ны, Наана. 
Cuni: Boras of ЇшБргпалї най Exrbangs, Минии Сжығы Іны, Канар, 
Omi: Micha ба Cans Тагата T .Нотана, Несов Nacional, 


Тарс. 

M M PUE У лан Банан ы Таны NON 

Сова; Geek by Бий. 

GHEE: Servisa Тендан des ehamsqes Enlerraiienaur, Hibs 
thee Ба Галя еван, Prague 1-05. 

Балға: Ame fir {ка Dsnersarienalen Sebsiftensusiquech бег Frelen Н 
най, Шей ЫЫ НЕ, Тан, 

Сеты асг Service Danas dea Échunges Internitionasx, Kengelige Dande 
Vileaskzbernos Matah, Сатана һар V. 

Terran паза; Baqrinañrmscta Koala БОЯ Нн, Faremi. 

Eevaren* Hlristerta de tsrlr Exterlirea, бүгін. 

Earr: Government Pres, Рита СНЗсг, Bolin Chara. 

Kereta: Eligiragmadukoagnu (inte Library), Таан. 

Feline: Гиберийоп of ihe Scientific Societies of Finlaná, Қампиойап 24, 


Heléngrors. 
rami Berri: Francais des Échampes ipisrrsitomanr, 310 Tes de repete, 
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GREASE! Ararika-TniñlbzE. T'nfversktitstrummo B, Berlin, N, W. T, 
Gar Farrar Азт ea TWieldon & Wesley, 2-4 Esrnakarur SE, Mew Фаг 


Tanta: Beperinteudunz of Grimat Priming anal Bimiloeery, Бағаһау, 

Агт: BL (Poda бұй Semb Inierzazisnal Ministers dell" Bipini 
Binene, Бон. 

ТАШАА: Deatllute of Jamiii, Kingston. 

Таған; Imperial Library of Japan. Urmo Fark, Tokyo. 

Java. riz Netherlands, 

Maa UP dn supe хими, Bitliaibisque ЖЕ da Тесин, 


Шаға: шан of Exchanges, ПеранньнЕ of Ван, Mourevin. 
LI: Бол by жай 

Lormrspo Малшы, via Partugül. 

Lürrusormo тік Биш цг. 


Purtugal. 

НИ ee: Тсгғтға гізеді Гете Dormu cf the NWetherimpda [aval 
Nem Gourd Warma; Public Library of New Bosth Wale, Sydney, 
Mew zam RD л sermal Assembly Library, Wellington 

i Ministerio de Keidas Evierlccta, Marapi. 
Norway! Garvin Могой ын dex Etanpa Inarissa, Diledi on 
Faimes yale, Әні 
Агат" Hebrew Татта Library, Jerusalem. 
Tasama- Sent by шай, 
Раааапал: Бетсі Сара Intzznaciomal 48 Pehlbasienea ды Ministerio As 
Filidora rieri, Ага Нш. 


Тав: Bedi йа Preonararda y Publkationées, Minisieris de Drlachenos Exe 
kiriin, Lima. 

Palast: Бетти Polonals dea Echangos Ja raat kasa, Ева. аида, 
Wane, 

Ferran: Sargia de Trocas Intersacigrags, DIbliptseoa Machonal, Lisa. 
Силами аяп: Нигеап of Exchanges af Determariónal Рома ана, Chic! Басто- 
tifa Сее, Erbbane, 

Hama: Панан des Felina dnrsition.ur, ЇзННэ Мітоз 
Centra’, Нэм алтай 

Жал кале; Mir6eserio de Relaciones Блеггістен, Бап Батар. 

Яңы: Гаралт sf Frega АМАР: Bangbrb 

SO Areca: Benth Arxtralam ihrer Endinge Durma, балете 
пэ Printing and Srarkrwery (fia Ааа, 

Baum: Вест de Сагыйда Tuimactaral dy РиҺНсагіссын, Paseo de Нион 
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fees: Боа Sven аара ра Ladin. Бх, 

Brea! American Gotrersity of Peiret 

Тавын з Secretary іо the Premier, НїйагЬ r 

Tamms: Пета Wietoria танай e£ Trinidad авд Tobage, Pert-of-Fgain. 

Treas: тіз Fae 

Товккт: Robert College, баги, 

Шпон or Beurm Алиса: бт! Printing amd ШаҢинту Осе, Саре 
Тағы, Сара af “ихийг! Ho 

Шиюн or Ботшт Sooner Amema; Library of the Academy of Belan sf 
fe 0. & X jt, Exchange Berrice, Lessingzad, V. Ch 

Uxcacar: Gidas de Canje Iuberzaclapal de Бабаға, Alinüstaris de Екін: 

Зуух йт ла. 

кышто ТН Mochil Caren 

Views: Pattie Library of Тікбегіз, oliyi: 

Were Ammania; Еліміз Library af Water Australia, Рен. 

ppg: Becton dew Peborees Inbemationaur, МАНИ 6 des ХА АГ 
Rogpectielly submitted. 


Dr. С. G, Авнот, 
Beeretary, Ко цандан, Талын. 


C. W. биокманаа, Chief Clerk, 


APPENDIX 6 
REPORT ON THE NATIONAL ZOOLOGICAL PARE 


Bre: I have tha bonor to subeant the following report on the opera- 
toes ofthe National Zoological Park far th Б year ended Jans 

, 4 21: 

The regular appropriation made by Congress fer the maintenance 
of the Park was $295,000, all of which was охрана. 

| 

The Ёса! year 1087 was probably the mæt outstanding in the 
history of the Zoo. The construction under the Public Works Ad- 
ministration grant sf $809,990 was completed, Thess improvezsenta 
include a brick exhibition building for small mammals and great 
npes; а store exhibition building to house largo mammals; а new 
wing to the bird house; a two-story building for machine and car- 
penter shops; a siose mirage: the installation of three 250-horae- 
Fewer down-draft boilers in the central heating plant; an extension 
of the conduit system to tha яшай mammal house and large mammal 
house; ond renrrungement of the electric supply distribution жук- 
tom, п portion of which wr put undergrouzxl. 

The small mammal end grent ape house was completed and opened 
to tha publi in May 1997. IE ia approximately 185 by 115 feet and 
contains 90 cages nnd tanks varying in size from 18 by 12 by 26 
inches to 12 by 40 by 10 fest, which provide accommodations for à 
савашагаЫн variety of animals The building өзінінің of four во 
Чопа: A largu central room with enges in the center авд arcand the 
aides, mouse with glass fronts and obera with steel bars; а wing for 
the great apes with a glass partition between the animals ard the 
publie; в third room for the gibbons, which аға likewiss partitioned 
from the public by glass; and a fourth room, semleireular in farm, 
which is termed the nocturnal room and ia designed to house an array 
ûf amall сгеаїшгож that are rarely shown іп collections, The baild- 
ing ін fairly easy to keep clean, nnd the system of forced ventilation 
tliminates practically all tha odor, 

June 1981, bat condderabls stil] remains to be done before it а ready 
for occupancy. ‘This work is being carried on by tha Zoo's repeler 
Personnel which it is hoped will be wugmeated by asgiviance from 
a 
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animals late in the summer of 1941. 

Tho strecture ік about 207 by 90 feet and is designed to accommodate 
elephants, Рена, hippos, pigmy hippos, tapirs, and giraffes, for 
which it bag 13 Iraida cages ranging in віза from 18 by 19 feet to 
92 by 88 feet. Several of the inside cages have pools, and each 
cage connects with an outside yard is which the animals are re- 
tained by dry moata in lien of fences, Tha design of tha building ig 
dimple, well proportioned, and beatiful. The public space із 40 hy 
185 feet, and the sand-deadoning effect of the acoustical tale on the 
ceiling produces a highly satiefactary condition, Tha walla of the 
eages for the hippo, African and Indian elephants, and girafe have 
bean painted with appropriate backgrounds by artists of the Treasury 
art relief рення. 

Ты addition ta the bird house, 43 by 133 frat, was completed in 
November 1908. This wing contains 27 glasfronted cages, one of 
which Бая insuleted walls and a glass top and is provided with a re- 
frigerution gysbem which makes ib à та! НИЛ wld storaga rom. 
This was stocked with penguins, which are thriving in the umiform 
Demperature of ба? F. The backs of а mimber of the cages, including 
that of tha penguin room, hare been decorated with scenes »enti 
тал аг. geographical regie, which greatly emhwnces tha aittrae- 
imene of the exhibit. The art work was done by the Tressury 
art relie? project. 

The installation of new boilers in the central heating plant wis 
completed late іп the summer of 1888, aod the plant was шамі during 
ihe winter of 1906-7, 

The mechanical shop building is of stono, БЇ by 100 fest, 2 stories; 
the lower story accommodates а stockroom amil iron and machins 
work, amd the upper story is mainly for carpentry work. ‘The im- 
proved facilities provided by this have permitted mech greater elfi- 
cency of operations im the maisienanen of tha Park than had been 


The sone garage, $0 by 64 feet, was built near the boiler room 
эд completed lain in tha gammer of LAE. 

From July 1, 1886, until January 27, 1937, а small and diminishi 
group of ТҰ, P. А. laborem was available for miscollinacms 
about tha Рат, With this labor a varsety of work waa i ийн, 
including repairing and resurfacing some reads and walla, А trench 
000 feet long was dug for the laying of electric conduit from the 
bird boos to tha large nama] house, Trenches also wore dug 
for the laying of about 600 feat of sanitary sewers and drains, More 
than 400 cubic yards of sand] was hauled from the creek bed, cleaned 
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dome about the Park. Genera] improvement work about tha grounds, 
including seeding, sodding, and planting of tree and shrubs, was 
carried биз ая well ая the contineance of eradication of poison іту 
in the sections of the Park most цан! by the public. 

«Normal maintenance operations of the Park required all the mate. 
Fiala asd personzel that could be suppliml under the regular appro 
priation, se almo no improvements were made under the regular 
funda Indeed, а great deal of fimishing up werk remaina to ba 
done arcumd the mewly constructed buildings or in them but i 
ики тыу sey because of lack of manpower and materials. 

boakbimder assigned to tha Smithtonian Institution by tha 
нэ А. has bound, rebound, or repaired а considerable nomber of 
publications in the Zoo branch of the Зайыюпшал Inatitution 
library, melting іп a great. Goprovemet in the condition amd use- 
fulness of the library, 

The work of classifying aod arranging im their proper planea im 
the library various publications of use in the Zoo haa p 
very satisfactorily through tha arrangement whereby a member of 
the Smithsonian Institution's mgular library force comes to tha 
Zon snos a week and carries oot thia ура of work, 


Tha National Geographic Society-Smithsonian Ineditution East 
Indie Expedition, which ia авсны! by the National Geographie 
Seciely to obtain animals for thia Zoo, left Washington in two pog- 
Gone. Dr. William M. Mann, Director of the Pork, Mra. Mann, ard 
Dr. Maynard Owen Үг аша, chief of the foreign editorial най 
of the National Geographao, left Washington Jazazry DX and smiled 
from Vancouver, Е. C, January 19 on the Еттен of Ама for sath: 
сїї шүхэр ээн n ENT f сс atirant їзнэ 
keaper, нги] Масада per, in the National Zoological Раги, 
left Washington with 28 animale (2 black bears, 2 pumaa, 9 jaguars, 
4 raccoons, Û oposuma, 10 alligators, and 5 hellbendorz), sailed from 
Now York February 11 om the steamer Таны and arrived nt Bel. 
awan- Deli, Busiatra, March 22. 1887, where De. Mann had previcasly 
lare] and had established headquarters for the expedition. The 
American animals were inbsnded for mcos im thn For East Al the 
close of this Ascal year the expedition із still in the Geld, алд it will 
nob return te Washington шп] lata in Saptmber де October 1927. 
Information кз to the animal collection being assembled indicatea à 
satisfactory trip. 

NERIA s I 200 

«Тһе remalning two most important &rüctural needs of tha Төв 

are a naw antelope building and а new resimurxnt building. 


та“ ANNUAL REPORT SMITHSONIAN TESTITUTION, 1897 L. 
The old frame strecture now culled the antelope hous accom- 
sedated amimals of à higher total value than any other single struc- 
ture now occupied im the Park. It is па unhealthful type of sina- 
tare, & dangerous fire hazard, is АН сай to beat and expensive ta 
maindain, А new building adapted for the magnificent and re 
marlmble group of rather delicate even-toed hoofed creatures is much 
needed. 
The oM frame бін ег now homing tha westaurant and concession 
stand la badly deteriorated and entirely inadequate to sccommodate 
tha large volume of business that has developed with the increasing 
attendance аб the Zoo. The constraction of a suitable building 
тәсі be a atlf-liquidating undertaking, ns the annual revenme de 
the past 3 years, and for the forthooming 8 years will be $9,012 
nani 
There ін Мәз need for some ший ва! walks and roads that we 
hope may be constructed with the aid of the W. Р, A. 
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The attendance of organizations, mainly classes of studente, of 
which there ін definite record wea 84,190 from 038 different schools 
in 90 States and the District of Columbia, ns follows: 
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ebook except, Sundays amd. holidays, a 
eensus is made of the cara parked oa the Zoo grounds, During tha 
year 39,448 were sa listed, representing every Slate im the Umiop, 
Canada, Mexios, Саға! Zone, Alaska, and Cuba Sinse the total 
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mum ін marelr a record ef those actually parked at ane tis, 
it. is not of vales as indicating a total attendance but i af impor 
tanw as showing the percentage attendance by States, Territorit, 
and countries, ‘The District of Columbia comprised slightly over 
4% percent; Maryland, 81 pereant: Virginia, 14 percent; amd the 
remaining cars wore from other States, Territories, and countries 
La уғата in which counts have bees made on Sunday вз well 
вл dı mg the week it has bees found that the percentage of cars 
from the District of Columbia, Maryland, and Virginia is Jes, nad 
the percentage of the more distant Шана im corresposdingly іп 
ETFÎ. le b Тэнд, шиний br илийн coming ta би Soc оп 
Sundays when other points of interest алга анод ta them. 

The nincteezith annual meeting of the American Bociety of Mam 
malogisis was hell in Washington May 4 to B, inclusive. "Their 
program ineleded a trip to the Zoo on May 8, where bancbheon wea 
served іп the large mammal һап. "Tha small mammal honsa waa 
first opened to the public as this organization enbered it, 


алимын 


Gifts—Miany specimens were received as gifts this year. Intur- 
esting additions were ü pair each of cheer pheazants and white- 


crated kaleege from Dr. J. Delacour, Clares, Frazee; а pair of blue. 


crowned hanging papoquota and a bai paroqmet from Alan Ж, Styne, 
Washington, D. aa and a male Kaibab squirrel froma the United 
States Forest биче. 

ич» this opportunity to express тш arr n the assist 
ARSE amd cooperation e реганын "n tea Biological 
Surrey, National Park Service, and Forest Service, nmd Verea 
Bailey, of Washington, D. C., Theodore Schafer, of Payallop, Wash., 
Alex Walker, of Tillamook, Oreg, and John M. Davis, of Arlington, 
Fis for gifts ef American small] mammals for gtooking the mall 
mammal hens when if mas opened. More then 150 small mam- 
male were received through them from Нєаї НЯ ranging from 
Georgia to Washington авд Oregon. 

When the amall manual and great ape hows was completed, the 
Directer of the Park was an an алаг trip to tho southern Айай 
region to assemble a collection for the Zoo, so B waa not advisable, 
eren if it had been fisancially possible, to stock this building with 
exotic animals, Arrangements worn mecordingly made for plac 
ing on exhibition a collection of American small mammals, Ti was 
тебі іу the largest and best collection of Ин kind өтөг amsambled, 
and het nüiraeted mech fuvornble attention. Tt îê partienlnrly 
Taluabls in showlng the considerable diversity af forme common tn 
North America and which are freqnenily overlooked or ignored. 


E 
TE 
Also, it in of таше because it has given visitors am opportumity to 
кїйє rather closely animals that are of great economie importance 
either bzana of their beneficial or destroctivo habita or their value 
for fur. 
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Мга. Лапа K. Абана, Washington. T. CG. ашалы, 

A. M, жұбана. Washing, Ik 41, сурсан, | 

L. D. Наи. Petersham, Шала, through Dy, Doris AL Cochran, eepperbead 

Miles м. В. Bailey, Hanie MA, 2 Гткіг боса 

тұтаса Baller, TFashingium, ТІ, ©. 3 Пуар squirrel, шетін Ше alıp 

Mra. Тг B. Пакет, Durham, M. 0, rhesus monkey, 

Marshall Hanks Washingrag, Ta. CL, soresch owl, 

Em. Thea Bitan Cambridg, Mem, chicken arabe, corn quake, 2 garter 
anale Т Mack makes, 2 king впашга, 15 mibi Skee, 

Ma Virgil Marker, Fort Myers, Fla, brendowinged Law. 

O т IL Eem, Carlsbad, М, Мех. реално тайына. 

Y. E, Пао, Washington, D. KL, opessurs. 

Wr. L. Bond, Freüerickahurg Va. 2 barn omis 

Julius Bosker, û C. Ò- Paelvelr, Wa. copperhead make 

Mim Мату L. Mapi: Сьсту Chase, Mil, whine вавы, 

ит Branch, Тааран, Їр, CL, aligats- 

E. Er Brands VWWashingiom, ТА 42, groarmdbog. 

Mira. Richard Hrirkway Washington, D. C, nranpe-frozsed parrot, 

Тэг. Alice E. Bromo, Washington, ЕК CL, 18 black кійпытги. 

Ml Сака Hrewn, Washington. D. CL, alligator. 

Ebo] En Washington, Ek 0, whibe-Dhreated гараг. 

H.E. Brows, Кини Үйл, 4 coco scabra, ë ping makes, J coral kes, Water 
Hee Т. nd Digia галан 

L. 7, Barner, Mworertern, Yu, rasan. 

Те. А. Book, Гал! пи ан, Do D. 2 grass рагиин 8, 

Yilss Анга Butler, Vüaahlipgion, D. CL. rellow-papod parrot. 

она Сагадат, Тавцан, DL (5, тавган, 

Dr. Doris Ш. Cochran, Аарона, D. 0, Барад. 

Federik Cochrane, Wushirgisen, ТЕ ІІ, АЙР. 


Мек B. Û, Coften, Washington, D. UL, B тань Ti HATE, 

Мге. J. M. Гос, Washlpgloz, D C. G moon 

Teed Creed, Warren, Оша, 2 siemimnder ТАВ ит ааа 2 дыета а 
laria popeer lores, 2 hern ваа, kag make 

О. H. Gmer, Cenisrvillo, Ya, great white heran. 

Prank Curdal, Шіпджіхі, Janaka, Jamala bea. 

E В. Darling, Washingina, D. C, red Тат. 


Пе. L Diiia, (агаа, Praja 9 shar planta, 8 ЫЙ айел Palen 

J. P. Үнэт, Freerick, MA, Javam пан хо, thew шекер, 

Irving Lemenberg. ТН, D. C. тей Ый grobe. 

oF Dariy, білила, Mà, Š ringaceked phessants Š white ring- necked 


. Fries, 
TE T. George, King Clty, Cali, pellaw-billedi шігтіс, 
Frank ілін, Washlnzton. D. C, $4 Bases] Шинэ, 
Sal egli. Washington, D. ©. чае выходил, 


Lonii ОПевлсайса, Ете, Mi, Бнскпайе, 

"aco ا‎ Mann nies нэм. 

E. (mre, Wasakiagten, TL Ch, паску, 

Joseph «тана, Wakdert, Md. bald тара. 

Мга, Emma T. Halm, Washington, D. (^, X балан pimen 

Mis МаН J. Тізіп, Washingt, D. 6, алйралсс, 

Sims Meta Ний, Wueingtsn, DL CL, ийй. 

Hugh M. Hamam Байн, Arle. desert ratileanaks. 

2, Harvey, аана, D D. Pekin duck. 

Thadiens Mem, Marine Band, Washington, D. C, E ту шт пиймтайса 5 
Merida dinmonü-saek raptieseabex, 12 tater mali, Ызаа, бог: 
Байг, 2 Fusrkin Шар makra, Doog snake of lee arme. 

W. E. ШП, Pelersbarz. Та. bazded ганып, 

T. d. Holebzr, Wuskington, Dk C. Gaban parrot, 

Мен X. агаа, Wasbinghta, DK Û, АЁЛсал стар paroi 

L. C, Hosp, Wisbingtson, DX. 42, screech owl. 

Е. М. Deer. Arümzton, Үн, зааг. 

Billy Tiensshzlier, Phoenix, Aris, АраааН ав Богїсйнь 

Bab Нонг, Phoerbr, Ariz. GUB тығына 

Тоя Heasebelder, Phoenix, Arle, torino, 

Шт, amis Hmisen, Washiagion, D» CL, 15: red moon fal. 

D L Hajh, Viitanen Тї. CL. ершш. 

Jeba EL ась, бек Greve, Ға. pmt bagned orri 

TW. № Jores Тавсанхна. Ав, 2 miler mooning, 2 ehken maika ap 
henl area ke, 

Еа B, метрі Мех Tork City, ВЭ handed Шинж, 

L. Ё. Jullez, Chery Chase, Md, £ Tawa sparrews. 

Mrs. Martha Junkis, Washingt, IA KL. screech owl 

Wibi Жайшт. Laurel М, ba sugli. 

Falter Баты, Аесхалага, Үй, гезеті bulbul, 

Mira. A. R. Кофта, Тавна, D. C. greed squirrel. 

Жин Wf. Kennedy, Тан лаа йн. ТА C, iranges, 

СТ Kettler, Washingbos, D. CL, Hbben snakes, 

1. BR. Eines, Sliver Bpaing, М4, Bam orl 
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fo Lambert, Washiagien D. KL, 2 кты, 1 = 
Leader Паша, Dads (ry, Fa, 3 gamer maben chicken staka, È oyethern i 
pci кезік, $ Flecida kimg көліне, Ж ranü or hezzed ксю. 
M. Libert ond Wm Spawn, Washingten, D. (L, trap door spider aud на 
Letty La Bagur, Waahingzon, Dk CL, rpazzvehawk. 
Capi б. E Libici Weibingten, ІК O, barred owl, | a 
Мт. шәй Mew Е. C. Мнегін, Тава, D. Û, maar. 
À. lanri Cumibzblpe Mam, 2 chicken жышка, Mick maiz, Bing make, 
mtn зеді е. 


Herbert Медгонг, Washington, D. (1, black make. 
Harry А Malena, Beaches, Та, indies жалы 
Нарый E. Martin, YFasbisgsou, D. O, bormaheoo crab. 
Maryland Гаітетыну Баатара Dr. Нога, Ж all ган. 
ЕГ. W. Dx Mia yaru, Cellini, Cong, 2 EFE ишний. 
Е. Н.Мүсілет, иса, Б. X. 2 pino га єє, Indigo КЕ. 
Mike J, Мана, Washington, ТЬ (5, Pekin «тк, 
Bir, 2. D Мона, Waeshingten, Tx. (1, Pelri dock, Ї 
E й. MiERIESBBF. Avery hlad, Їл. ІП weed bz Blas Caress aud Ї 
Turkey Tihore hybrid 
Dr. Kinar Меркеге, Deireit, Mich, 5 Илийн, 
Мга. Beber? Menlpenery, Washineten D Û, 5 hêma Wierda. 
Е. €. C. Homan, Washington, Tx. C, glllgssoz. 
Téser Me, Morria Radnor, MdL 2 Fermin ring-zéecked рдьһавалда, 
Miss Ё. CL Могїигг, Waskisgion, D, KL, acronch onl, 
E. C. Heer, Waahingran, D. CL, apm 
Яганыу МШЕ, Ele Grande City, Ter, fhrengh Dr, Dyzia М. Gama, 3 
maly [mnia 
Mra. J. Murcello, ҰҒшымашбаш, D فعا ہت‎ jay. 
Misa Аяп C. Murray, Curteestore, Md, $ gray Pere 
Кабыгы РАНЕ Terre, Тао A. E Herel, Phseniz. Ana, 18 drt pocket 
mmm. 
Mrz E. Page. Саа яв, TD. CL. бека. yéllow-hésá parrot. 
Шигар Parka, Washlugios, Is C, оғаарестеней cochates, 
№. 1. Parnell, Amiri, Tn. 2 grevbbarmsi алин, 
Mra E. Fara, Warkingten, Tk û, Иуісд mpira. 
D. X. Pratt, Washington, D. C, жаудан оройн. 
Г. CE Probi, (Munay, Md, mate swan. 
Ú, В. Hindi, Нак е Uighineds, I& С, American black bear. Ы 
F. A. Бар, Tashinphbam, D. O, great Пп» Баған, ! 
Мия Тань. Reach, Wuosbisgren, D. 0, 8 Рекс ducks. | 
E П. Или, Aberanirin, Ya. 2 gopher Ботон. 
Carroll W. Hobio, Werkingten, B. C, pilst make, queen яваа, water make, 
3 rig Teke MARA Worm кепке. 
Mr Charla балшиан, Ser Sering. MdL Abe sairas 
Amines intria Washington, ІК Сы 3 tarantula. 
Jumes H. Sarea, W'sshingtas, Г. E, alllgatr. 
Fart Saunders, Washingras, D. O, балаша 
Edward azadtir, Kenplagten., Mil, reh ol. 
Theodore TE. Schaffer, Геуайир, Wasi. 4 pem podes alen, 2 moustala beavers, 
тагтізе hare. | 
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Тэг, Ьа nad Mr. Til, Washington, D, 0, piat make, 
W. W. Brehwink, Wietingim, T. Û, зараас Боск, 

Marry Ваар, Бан ги сл, D. CL. mirise іпеНіз, 

Misa бетаіте Bbehlen. Wok, Yt, 2 беги chips. 

YF. HL Hberberi, Ерен бе, MdL, тарынуу Task, 

Jo£n Sherer, Wuskingtor, D. CL, pcreech ст, 

G. W. Senator, Та йлийгн, D. (C, baby Fart, 

Alben Ний, Tabla рас, D. (1, Ë feres Шатаа. 

Мия Вау Hizirb. Washing, KER C. white mbit. 

Miss Елау filth, Newark, Tell, ferret. 

Cite иш, Harprra Ferry, W. Va, gray fax. 

We. Sears ped M Libert Whiria. D. CL. Ер deor epider нэ nest. 

Miss Daisy Н. Bpradinp Athens, Tem. pspecy or Sak bow. 

Mies Кант гага, Ialtimare, Aid, whitedhreatial сартхёйд, шағыла. 

Ж. F. Bea тїк, Clewhberbseen Мі. beeen 

Шап N. Зэрэг, Washington D. C. 2 Muecrowned banging piramit, Tel 
[гы ЁЁ. 

НЬ. F. Весов, Маг ши «на, TE CL, Їнї ШЕЕ] 

4, J. Тартар, Ма ир, D. К, harge Herri 

Пт. W, М. Tallent, Manin, Fix, Indigo makr 

Паша Tayler, TWashisgten, D. C інгі widom нү. 

Mrs, 5. 0. Таты, Wishiogton, D. О. seliownaped parrot. 

M, TE. Tharp, Washinggen, Di €, d,onlst-Tellaor braked paret. 

Mrs, Rebel Th Tima, Washington, D. C, Palin due 

Miss Mary Troiano, ТЕ нп ээр, Та, C. яалтай, 

Сан! Tuker, Washinging, D. KL. horae matt 

Tora A. Tocker, Washington, ЇЗ. Ù, шр асаа. 

Ч, R. Ева са! Barmy, threugh C E Meo, Hi Regia, Mort. parma 
1. £ C. Вона, аара, №. ©, Я боги жаза | through B xt 
Pase, Ter, Ú prairie фора, û parket pogbérá; tbrengh 2, Расу uml û К 
МеҒагілай, Cashmers, Wash, 2 mame’ ground тейри, 5 Heller ehip- 
mka; dhrengh Jakn П. an, Alboquerqne, X. Mer, paris, 2 pentis талон; 
нэг ОШ (igpesad, Marissa, Ші 4 caque: through A. R. Ната ард М. E 
Ed Casper, бро. та ЛЫН) casi, 2 pekih phiri, dhnegh 1, E. 
Tika ond Та, Tlavengartzer, "Отлив, DL, 4 rod myrra Ehrozgh T. Pü. Jarris 
чай ын, D. CL. 3 нийг mis, тіні Іі grebe: throngh E. V. Keesaveb. 
Themis, Па, npposue, X clon rata; Brug Иш Krona Midi 
Бітеғ, Wien. mmirat: through 42, HR. Landan, Ram Anionin Ter, 4 Наш mood 
тан 4 гон га ган, Л [Ela тэн greed нутайтгайн. bled росло шыліре; Ертенгі 
(E, Landon жый J. ML ШЇП. Jr. Bryan, Тек. perket popbemw; ¿hrongü C. E. 
Lames and L. Ct тынны, Ban Amends, Ter. Daini mobi нэ, cotton Fal, 
ыт штат, 2 er ріртт шісе, 2 Мггтізп/н пау paxchet mios, 2 sine- 
handed armaciiice, E таа ре uera, той ham 
тісше; Usrough J, Masseellez, Налфнде, Hian, d varying bares or aymwhos 
тавьна: romp Wem. H. Marshall, Hingham. (tah, 3 marte: Ізезедін Ù J 
Bieri, Fem bile, Womb. bald eagle, рїш їрєй poll; throng’ CL E. Мей 
Тэх, Cacha, Chin. Б prairie бора, 2 aim гад, 2 тохи гай ws] rara (Xd 
Bold muss; throagh W. Lk Parker, Feel Тое, №. Пак. Ú fag aquirréta, 
li Eka rêzan grea squirreis; ibrough ҮР, Tayler ard V. W: Lebzxarn, Eaghe 
Lake, Тех. T Тетап rd катан: drag EL TU. Tarhana, Dei, АРЕ. ü 
син mia; Brag Воже Tom Washington, D. 42, bay Ign. 

U, 8. Fere Berria, еар, Fk C. Kalbab squirrel. 

TE? 40, Forse, Wisbington, I» С. harualos ores. 


i 
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Пт. Сална T. Үл ен. Tuma, Лгіш, 2 Merri Бағдаге тай. 

Aber Walker, Tillameck, сс. Washington warring háre, Drapa EADIE зені 
Dol, W. E. Wellner, Washington, D. €, 2 African monitors. 

pdt Waris, Та КЇн. Li CL, тїнї [шг зе. 


T4 

Mra Н, Е. Wiliams, Chery Chase. МИ, Ganadian parespine, 

ük. в. Wila ma, Thermas, Md, 13 handed ган ашайла, 19 arpir $ walker 
makes. 2 Беген пайга. 11 plot snakes, 2 femit Шаал, 

Maw E Wiles, авырга, D. C. alligatar. 

R. W. William, Wahine, D. 17, 2 rbaa monkeys 

E W, Wien, Washington, Tk O, топы 

Low Guy Wilson Extabr, Tre Төр, Van. barred aet 

Таһа Wren, Washington, T. C... dock. 

РЫЦЬ X. Var, Мен eek City, klakajen. 

Tamar Lapetion, Weeblogtcs, D. DL, alligator. 


Firin Ihem were $0 mammals born, 87 birds hatched, and 14 
reptiles hatehed or born іп the Park during the year, These include 
the following: 


Heg llke namr lansans miae Vanir 
A red ramen [1 ——— Жаный EH. mmc рый o mma Er EL” най 
Ага | ы хы ыиы J ЕЕЕ Axis leer аа L= ш ws um um ыша wm тати сштш 
Bie Hea —————--—----- Йшнгісип kia... | 
Ви Pregiamaá а maya... o J. U U JU ll 
Fii Баны... еа Б Ий лышын U 
Санны Greed sanimin ГААН САПР т ишы аза ажин asas 
баай: I Mb. auram mn Tinker wid. free "UTEBRGG EE m 
Хартера PERT PEE а ||; ——— 
ert dp Ва ee 
Bama BEH amma ames ara = wam mm == mm mom m Ғатынт ipee. e Б mü mmt 
Аана muümba....... 1. =. PAH ENTE LLL LLL 
Кетме ртты ЕНІ... -_____ Шев wild karaa „== 
гү шө Шин Ч , BET UFOS oun 
Рай ата EES HO 5e m- š Qw = = -m> m ни = SEWER tl 
——sar ra ч Ені skurk BSP)" I L йаа a mc mm mmnm 
Ürys БАШНЕ биет LL... Шейн мін вет... 
Japanese deem 00222... 
Гена үзэн... Ala Ренан йы. 




















ia Qe = ка ËR DE Ба FS шы 00 E RI Be bé kb Boda m 


Заар заа Таа . . ______ Africum ee 
Arden Acres ГД, сс нг... Негав hgyhridh .... 0 0 
Franji ёанайгаан............. Сапайа inim „шь 


it 
ni 
| 
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ОВР, 
По aR ННЦ === PEE йге Їнэ... M 
Ferad OL onana ...UÜemningham А4 8 4 
ачыга анығын тай eee, 22220020 f 


Fuachanges—In an exchange with the Philadelphia Zoelogienl 
Gardens there wars received the following: Hybrid tree kangaroo, 
American oll or wapiti, 9 European water makes, 4 Europeas vipara, 
П green tree frog, and 10 small Europan lizards, From Louis 
Rube, Inc, New York City, were received a nck of the rock and а 
іші A pair sf ganneta waa reesived from the "Toronto Park Zoo, 
Toronto, Canada. From Dr, Jehan Beede, Director, Service de 
PElevage des Animuux а” Fourrare, Province of Quebec, was re- 
ебітей а splendid specimen of ranch-bred mink obtained by him from 
the mink farm of Dr. J. E. Га Forest, near the city of Quebec. 

Purchazser- Important purchase during tha year werd theres 
pronghorn 0 jackass penguies, a pair of jahiru storks, and 
3 Бае) даі marmoseta. In Dessissbsz 1956, 35 hummingbirds жетть 
purchase! іп Habana, Cuba, and transported by airplane to the 
Park. Only 8 died on route, the remainder nrriving іп өзі 
сонин. 

FEMÓVATA 


Беаїїл»сШшарсгїали losses by death during the year incleds two 
oi Gf which, "Solo", had been іп the collection gines 
September 8, IME А Eomedo dragon received Juno 21, 1064, died 
July 11, 1097. А Bermes deer and saiga antelope died during ihis 
Tiriad. 
During the year 405 specimens that died were mnt to the National 
Musa. 


ANIMALS ГЕ COLLBOFDON THAT мар кот PHETDOUSLT MEH ЕХНПНТТЕП 


msan; «авч Comey ars 
СайЧИгїх krgentata. ООО Ea rll keg ah трансе 
Юша кашын l рати таг 
Bii 
altan ТЫШЫ аваа U. U | ыг Die sau t 
Tarai br. W тайных, 
REPTILE 


Epicrates gubüdgvuE 2.2.2 212 lll. Jana bom. 
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Laan dering (һе ттат.-----.--...------------------------------.- 1, Т 
Total нінің ін collection during yaar... J. U | U 1 

Tarer бена Фона, by йелі, exchange, and repura of ania Qm 
Ше 


WG boos cet ees rece maa Haee m m donc mom 


la кеін Junk 30, 10801... oe. دد‎ 2 HI 
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gar аныыбын язн.-..-------- Flori ettar........... an 
МҮүПіғоға атағнығ..-..---. зі s] Bst —— 
Марі: mdgra  — шь 
Munita sicca aL a hile сагат. раа 
Murcia crema 1 ШЫНА ааа ас 
Шана. | сваїсгайл beegicarte,.-- Lang inl ТШ aaa aaa aaa 
Манна біне дік... МІНЕ ....----.----------.------.. 
pega amarr --..-.-------- бұты жий skznk...... ...... 
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Ewarcras ааыр ............... ИГ. а: bogr........... ..... a 
Гылғсбла madapamas |... Мишу or eon boar 7... 
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ee ЕЛ agp ll lll 
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APPENDIX 7 
REPORT ON THE ASTROPHYSICAL OBSERVATORY 


Sm: I have the honor to submit the following report on the activi- 
tied of the Astrophysical Cheorvatory for the fiscal year ended 
June $0, 1997; 


WHE АТ WANTON 


Цаг de cd cur E being made 
біз pablish a tabla of best таа. of the solar өоотайллй of radoatbon 
since 1320, ‘This table involved tha ecenparisan of терийн from three. 
Gell stations, searching for errors of reduction, and examining the 
records of cach individual day for evidences of imperfect. obesrration 
ae unfavorable alp ecnditions. 

But in considering certain discrepancies it suddenly corurred to the 
Diretor that a flaw hed been overlooked when he devised the ын 
called short method of reduction in 1093. ТЬ will be recalled that in 
the venra LEIS to 19180 ий observations af tha salar constant had bean 
made by the furdamental or long method, This involved measure 
ments of the intensity of sun raya from early morning until mid- 
forancan, and about 2 days of compoting to yield one value af 
thes solar constant of radiation. Moreover, if tha sky gradually be: 
came clearer or more hay during the several hours of observation, 
the values obtained would be too high or too low, without апу means 
ef recognizing this error. 

To save work, to avoid error, and to multiply results, the short 
method was intredueced in 1919, Two solar-oonstant values сова be 
obtained from abssrrations of only 10 minutes" duration for each, by 
computation requiring only 1 day for both. In 1923, however, п 
method comune) to the Diretor whereby tbe computing old be 
ales eliminated, dhroagh the use of tables competed ono for all, 
All through the шг which hove since elapsed this method hus been 
mel. Usually, five rales were obtained without andes labor for 
tach day observed, 

But some months аро, as abore stated, the Direetae perecived that 
this brief method hag a fatal faw. Without going into technicalities, 
the defect conaists in thks: that if the maalta of bre equally clear days 
are to be compared, on one of which the sun actually emits 1 percent 

ыш 
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of ampliteds іп selar variation, due to the method of 1923, is greater 
the more bary the days, and the тег in altitude the station from 
which the sum is observed. 

Consequently, although ihe pablished record of solar variation 
since 1023 dhara milas changes at their right times and in their right 
directions, the amplitudes of variation found are too small. Also, 
the hazier stations are aL a disadvantage, not only because of their 
lesa favorable sky eónditlsea, which maturally give inferior results, 
bit because the method of reduction of 1948 inevitably diminishes the 
терїї amplitude of the variation of the sun, which they were 
established ta determine, even more then it affects clearer stations. 

Dar firet ғаға wus to divise a correct method of reduction, retaining 
as fur as possible the brevity of computation which was the marit 
of that of 1023. бағаға! montha were sseupied by the staff xt Washa 
ington in comparing diferent proposed methods, checking their 
чаза, and at length in computing tables for the one finally selocbed. 
This new brief method, although somewhat shorter than the short 
method авч! from 1910 to 1923, is far longer than that of 1823, Ii 
requires, what was unnecemary for the method of 1883, the complete 
measurement of the photographic records of observation, jest ая 
complete, indeed, ns the long method шин! prior to 1919. 

lv, orders were sent to all field stations to have measured, 
if possible, three bolographs for each day since 1949 when the sus 
was observed, This heavy task has been to а large degree hiami- 
plished by the field obesrvors. 

Їл the meanwhile, by financlal aid of John A. Roebling, and by 
the assistance of W. Р, A. the computing Май at Washington bes 
been тїї anlarged. Great progress bas been made in the reredac- 
tion of the solar-cometant obeerrations Mount Montenima obaerra- 
tions since 1952 have ben fully recomputed, and several уната? 
eheurvations at Table Moustain ara dese However, it will require 
many months before the recomqpatatbons ате fully completed. 


Ав in former yera, orders have come from foreign larde for 
silver-disk prtheliometers, either maw or to be repaired and mi- 
etandardized. Thes instruments ате in use af nearly а burdred кіз. 
tions іп many countries, in all of the comtinenta of the world, to 
танге the malar radiation. Hut көшіне are they used іп cooper. 
tion with the spectroscope, ав with ua, to maka complete Дийвгэлїль- 
Попе of tha mlar consiant of radintion. 


ЕТСЕ 


= 
4 
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Grat hope had been агоцагд by favorable action af the Senate in 
June 1980, with approval of the President and the Bureau of the 
Budget, that as many as seven additional gtations for obserrieg the 
ablar coneiant of radiation созі be ebablihed But the hoped-for 
appropriation haring failed in the Howe, the item was rejected by 
the Bureau of the Budget in the estimates for 1858, and with the 
present stress on economy in Government expenditure Башпай un- 
nm Te ba still believed that valuable advance in 

would follow ihe securite daily determination 
bera varintion, mach as might be attained with additional slar- 
constant зов. 


SAE ТЕСЕ КЕШЕС а ИТЕЛЕ 1АКЕ LETELA, аль TELE ЕГЯОЛ 


Letters have been received nearly every day by the Director from 
n areas, some telling of obecrvations confirmatory 
Of his expectations аа to (he progress of tha drought, but той! of 
thom bagging for predictions to cover ananing years, ‘The Director, 
іп his replies, has always pointed out the insecurity of such predic- 
tions, Не has limited himself to referring to indications arising 
from the history of Great Lakes Танан since 1527. Thesa point ен. 
probability that drought. conditions in the Northwestern States and 
ез хананы Canada will mend beginging in 1988, bat recur in 1978. 
view ін supported br a record of 400 years’ duration іп tree 
rings at Fairies, Үй, measured by Profesor Lyon, of Dartmouth 
тылы Perimlicities of 22, 46, anil 82 years nre plainly apparent 
therein, which have chat relations te the lovels ef tha Great Lake 
йаз FERE 
The Direetor салем! to be prepared and tested in September 1838, 
a Solar radiation steam boiler of his design. The machine is repre- 
sented bn the accompanying Tlinstratiom. Tt exposed 58 square fest 
(ТЇ. Т) of mirror surface али! was Intended to produce abant 15 harae- 
power al the engine. Cinematograph records were made of it, nnd br 
eperstung nn clectric geueraíor а sbort program was broadcast by 
salar power. However, the dorice had many defects, and was тин. in 
that. form practical for utilizing solar radiation for power. А small 
койг fash boiler has since been prepared which offers mech greater 
promise, 
FELD Wise 


Solar radiation chasrring stationa hare loan maintained by public 
funds, supplemented by private resources of the Smitheonian Testi- 
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tution, at Table in, Qalif; Mozberumn, М 
Katharine, E АЕ these three siatloma the oheervations to de- 
termine tha solar constant of radiation have been made on all faror- 
abia dnys. The average amber of days per year suitable for these 
oxecting observations ін about the same a these tres elevated clodd- 
lem desert stations afd approaches 80 percent of all daya. 


YEA MIL 


Frederick E. Fowle, research amistant, who joined the staff of the 
Astrophysical Obesrratory im the year 15894, wee relired for dis- 
ability at tha and of the fiscal year, Mr, Fowle has been associated 
with practically tha antire history of the Observatory, und has taken 
a large part іп its observing, computing, theoretical atudies amd 
plana for Но work. Не will be especially remembered for his re- 
searches on water vapor ын! саваа im tha abmesphere, for his 
investigelion of the extreme infrared spectrum of water тараг, а 
for his authorship of memerces editions of “Smithsonian Physical 
Tables", which enjoy ап enviahle reputation, 

С. G, Amor, Director. 

The Вксиктант, 

SmafRaandan ГалН нан, 


Chile; and Monnt St. „ш 


“HEL WL “ЗАНЬГУРДЛНЫ ee 


Алы JEE sU a, Яна нп HETER тїш: М LRH ee ee ШЫ 





amma алайы „ЖО. UN 


APPENDIX 8 


REPORT ON THE DIVISION OF RADIATION AND 
ORGANISMS 


Sm: I have the homer to submit the following report on the 
activities of the Division of Hadistion ond Organisms during the 
year ended June 50, 1037: 

Notable guccessos have been attalned during the year in the studios 
of photeaynibissis, of phototropism, and of special reactiona of ultra- 
ee ы шыч и ко ш 

W. Н. Hoover published tha rests of китет] years’ study of 
photosynthesis in wheat. This basic study was made with wheat 
grown in glass tabes of mennired temperatare, humidity, amd салп 
Вежа батымы}, under nearly moncehromatic selected spectral rays 
of memsured intensity"  Varions radiation sources were employed, 
sometimes the Mazda electric light, sometimes the mercury аго, pami- 
Himes the sun, The results are ой high noecuraey. They give t» o 
probable error of only Š percent in mast spectral regiona the de- 
pendemen on wave length of the ааш ан of carbon dioxide Бу 
Wheat, The accompanying раге shows that рһсітушіекін in 
wheat, starting from sero at the end of the visible red, reaches n 
high maximam in tha red at 6500 A, diminishes through the yellow 
and green, reaches à subordinate maximum in the blue at 4400 A, 
and then fedw nmay in the violet, 

ЕЕЕ ти rer uae РЕТ dd cri eni 
estimating the air content of carbon dioxide, During the year Dr, 
Мела has further perfected a spectral absorption method of 
extraordinary sensitiveness and extreme rapidity for measuring mr- 
bon dioxide concemtration іп mir. The xpparatus hia been standards 
ized by him and has become a tool which bids fair to be of immense 
value for the defection and тшалиитенжий, nat only ef earbon dicxsde, 
but carbon monoxide, and other organic chemical eumpounds of ех» 
irana interest in plant physiology, haman шелік! Бен, mirii 
tions, and perhaps in other industrial felds, In connection wit this 
apparatua, І, B. Clark has developed mm oxtromely sensilive and 
rugged thermocouple, the evacuated housing of which is sealed by à 
bubble window of microscopically thin glass. Them beautiful devices 
together add greatly to the practical заа of the spectral absorption 


анына. Mis Cell. wel. SE. sa. eB іші. 1-і, ин 1-3, 1501. 
на 
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ин The new apparatus has been duplicated in our shop for ine 
tensive use in photosynthetic studies. We expect to observe photosyn- 
thesia quantitetively in varices familia of planta. 

Ти. McAlister pablished preliminary results of а research on tima 
relations in photeeynthexis. Не showed that intermittent illumim- 
tion gives very different growth rates depending on the rapidity af 
Нййгт ипга. With alternatiogs of light and darknes: б) times per 
second the growth rate отаг а period of several hours was nctually 
ізгісі ss raped ав with continuces illumination of an equal total quan- 
چ‎ supplied. Owing ta the practically instantaneous chnr- 
acter of his measurementa, he wae able, for the firat time, іп studies 





r e мнз тала 
YUAN Гүлүн 


кеш. L—TWuarrknph аван purrs, 


of plant physiology, tó turn ea the light and continuously follow whnt 
happeza in plant growth. Малу mes imtarestingr observations were 


In a cooperative research with Dr. Flint, of the United States Dw- 
partment of Agricclture, Flint and McAlister examined the efficianay 
of different wave lengths of light to promote germination in light- 
panzitive bebbsss tee," "heir resulta tle in most suggestively with tha 


"шым Мін. Du. wal, ВЯ, ma ЗЫ, ы Ттт. Ғұн i-iü, ъ= 1811, 
ЕН найын. Mili Cu. val ©, no 3, pp. 1-8, pn 1, Tcr 
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corm of chlorophyll ahsorption. Wave-length gions inhibiting 
germination were found ін tee blus and in the infrared spectrum. 

Dr. Е. S Johnetan sontinned with marked progres hia izvesiign- 
tions tending to produce normal growth af tomate plants under lab- 
oratory waliiona ‘The great didicalty is to obtain from artificial 
sources light of sufficient intensity and proper wave-length distribu- 

Gon By various ingenious expedients ha haa to a considerable degree 
solved the problem. 

Ho ales continued рЁсингорс oxporiments, studying the bending 
of plants toward the light aa well as carbon dioxide ам ан оо 
with polorized as compared to қылтан! light. It had been sug. 
grated that a real difference woukl be found, but be found попа. 

With Dr. P, Б. Burkholder, of Connecticut College, De. Johnsa- 
ion investigated the inactivation of plant growth suberanea by light 
А тегу beautiful technique was developed, whereby live tips and 
half tipa of сал seedlings were applied in various waym to deapi- 
ініні oat мәйіті im order to determing what аға (ha circium- 
ване. which govern elongation andar tha infusa of light Tha 
remilts appear to show that ilar considernhbe intensities of light 
the growth hermenes ага ас сайнд rather than displaced in pro- 
docing the well-known lower stature of illuminated planta зя cemi. 
р ы га e кешш For farther informa. 

sm very interesting: pa 

Dr. Meer did тими хай ch би ыйга of a Жин 64; 
lection of algae for tha Хайсан! Herbarium. Har own invostiga- 
ons concerned n search for the stimmlatlon of multüplieation in 
algae by ultraviolet raya knows із be bahal in dows of efficient 
intensity. Tbe research ia not finished as yel, bal plainly shows 
great stimmlative inffucmen by minute doses of them мн rays, 
аны] that the degree of stimulation is most interestingly conmected 
both with ware length amd with the lethal d 

The instrament maker, Мт, Filmen, and the glass technician, 
Mr, Clark, constrected apparatus of invaluable use іп these inves 
tigatlana, 


The Биснктанг, 
Зан яндан Inatisuiion. 


= Ea Lixin жне. Сэ, тор 83. нь. 25, pp. 1-14, g. D. рав. 1, 5, 1821. 





С. G, Ашімт, Director. 
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APPENDIX 9 
REPORT ON THE LIBRARY 


Su: І have the honor to submit the following report on the 
tivities of thé Smithsonian library for the fecal year ended June 
їйї: 


ЯГ 


The library, or library system, of the Gmithaonian ін made ир 
of 45 libraries, all more or lens specialized and independent in their 
nalure and loeatiom, hut all eocperating under the central purpose 
of the InstitutSon. They ага the Smithennian deposit in the Library 
af Congress, which is the main enit of the зуйн, the library of 
the United States National Museum; the library of the Bureau 
of American Ethnology; the Smithsonian office library: the library 
of the Astrophysical cal Obwurvatory; the library ef Radiation and 
Organise; the library of the Freer Gallery of Art; the library of 

National Collection of Fina Arts (until recently the National 
Gallery of Art); the Langley aeronautical library, since 1980 «на 
apecial deposit in tha Library of Congress; the library of the National 
тр Fic amd, finally, the 38 sectional libraries of thé 
айт 


Fi 


FEROS NEL. 


There were two changes in the permanent Sall. Tactile А. Torrey, 
senior stenographer in the office of the Hbrarinn, was appeinted ta 
the newly established position of library assistant in the National 
Collection of Fina Arta, amd Mra, George CL Rodgers was chosen 
for tht тығатер--а position sha Bad fermerly hald. Carroll M. 
Martin, uuistant mesenger in the National Museum library, was 
transferred to the босы Security Board, azd Joseph Salat, Jr, 
азын] him, 

The temporary assistants were Helen (3. Rankin amd 1 
Kober, Fifteen workers were also amigo to the library for varl- 
ous periods by the Works Progres Aileiinistration, 


ТАГАЗ OF PORLICATION# 


The exchanges work of the year browght to the library, ая usual, a 
wealth of publications. Тіней represented] most. of the 22,714 pack- 
м 
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ages receired by mail amd the 2926 by the International Exchange 
Serviee—ao total of 5440, or ап Шигснэн of Tj over 1056. Each” 12 
package contained one or more items, Among the largest sendings 
were thow from the Australian National Research Council, Sydoey; 
Deutashe Chemische Gesallsehaft, Herling Royal Society of Тав 
mania, Hobart: Royal Society of Victoria, Melbourne; Société 

| de Balgique, Lige; Society for the Preservntion of the 
Fauna of the Empire, London; Verein der Freunde der Nata 
schichta in Mecklanburg, Rostock; amd Zeolagical Bacinty ef London, 

The number of dissertations received was DAST, or 1,654 fewer than 
the year before Of these, 2993 were sont to the Smithsonian 
deposit; the other 2015, being medical in character, ware forwarded | 
ty the Surgeon General's library, Thay came from the Academy of = * 
Freiberg, the universities of Basel, Berlia, Bern, Bonn, Broun- 
sehweig, Eralan, Cornell, Delft, Erlangen, Freiburg, (riessan, 
Heidelberg, Holsingfora, Jena, Johns Hopkins, Kiel, Kongsberg, 
Leipsig, Lidge, Lund, Lwüw, Ма Мека], Pennsylvania, 
Ноёны, Strasbourg, Tübingen, U з Wittenberg, Würzburg, 
aml Zürich, nnd the technical shool of Berlin, Вгамнае лее, Tre- 
den, Кагигийн, and Ztirich. 

The staff wrote £407 lettera, most of which had to do with the 
exchange of publications ‘Thay obtained by special correspondence 
amd by march аныр the Smithsonian duplicates 4,590 volumes and 
parts meded im сагсан sets, particularly in dhe Smithsonian deposit 
and the libraries of the National Museum, Astrophysical Cheervatery, 
ard National Zoological Park. They also arranged for 002 mew 


exchanges, 

It shonld ba noted that, while the sumber of small sendings received 
bas increased somewhat during recent years, the number af large onsa 
has diminished. ‘This falling o£ in the large sendinga would indicate 
that the special effort of the employees in the libraries of the Smith- 
soninn, bayan emelime gam, to recheck tha main seta for misang 
numbers and obtain by exchange as many of these пя possible whila 
they mere still available, has been highly successful, št least so far 
ёё tho gaps, especially the longer ones, ean bo filled in this manner. 
T is reasonable to expect, therefore, that most of the substantial smid- 
ї а in the future will mot be to AI owt old seta, but rather to supply 
the library with earlier nambere of comparatively now застав needed 
in the work of the Institution. For the staff in taking ар new ex- 
changes have tro aima constantly before them—to serra Smithsonian 
mantis and to conserve Smithsonian publications. Thay also, of 
course, do what thay can, in cooperation with tha offices of poblica- 
Hons, бо encourage the rebarm of duplicates not wanted by institutions 
te which they kawa been distributed, that these may bo used again 
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іп the exchange work of the Institution. The success of this соореги- 
‘tive servio the past few years haa keen noteworthy. 


ПЕТЕ 


ef Washington turre отог to tha librnry several thousand copies 
of на Bulletin to be used for exchange ратрока. The Geophymenl 
Laboratory presented 838 gnigosllunaswa publications; tho American 
Association for the Advancement of Bcienoe, 525: the American Art 
Assncsatson, Anderaca Galleries, 38 priced catalogs of art objecta ; asal 
both the Anthropological Society and the Biological Society of Wash. 
ington, a subetantial namber of journals, “Tha outstanding gift, how- 
ever, was a collection, numbering nearly 4,000, mainly on botany, 
that bad been part of the working library of the late Dy, Frederick 
Y. Coville, chief botanist of tha Department of Agriculture and hon- 
ағағу curator of the division of plants іп the National Museum, The 
collection was presented by Мга, Gorille. 

Among cher important gifts were, Anciant Egyptian Paintings, 
in three volumes, by Nina M. Davies, with the editorial aaistancy of 
Alan H. Gardiner, from John D. Rockefeller, Jr.; Hed-Figered 
Athenian Vases in the Metropolitan Musaurm of Art, in two volumes, 
br ІЗіміз М. А.Н, from the Metropolitan Museum; Catalogen 
of Hispanic Pottery, by Alice Wilson Frothingham, and Catalogue 
of Laces nnd Embroiderses, hy Florence Lewis May, in the collection 
of the Hispanic Society of America, from tha Society; Index Cali- 
logue of the Library of the Surgeon Generals Oiee, fourth serisa, 
топта 1 {two copies}, from the Army Мә!ка! Library; А Cita- 
logue of the Collection of Martinware Formed by Frederick John 
Nettlefold, together with a Short History of the Fina of В, W. 
Martin and Brothers of Southhall, by Charlea E. Heard, from Етей- 
өнер Jahm Nettlefold: Nel Clequantemario della Socket Ealison, 
1884-1834, in four volumes, edited by Giacinto Motta, from the al- 
itor; Gregorio V&rgeez de Arce y Ceballoz, by Roberts Pisano Eet- 
trepo, from the Government af Colombia: Georg Wilhelm Stellar, 
the Fionser of Alaskan Natural History, by Leonhard Büjnegir, 
from the author: French Arts and Letters and (Eher Emayê, by 
W. Francklyn Faria, from the author; An Essex Index, in four vel- 
umes, compiled by Fred Л. Brand, from the compiler; Bibliography 
and Index of Geology Exclusive of North America, voluma ©, by 
Jobn M. Nickles and Robert В. Miller, and volume 8, by John M. 
Nickles, Marie Siegrist, and Eleanor Тара, from Marie Siegrmt; 
Oceanic Binds of South America, im two volumes, by Bebert C. 
Murphy, from the American Museum of Natural History; Tha Birda 
af tha Malay Peninsula, volume 5, by Herbert С. Robinson and Fred- 
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erick М. Chasen, from Gertrude Abbott; ртк, volum 1, by 
Haney Palrlel] Оғы, from tha Ouborn. Library: of 
miser E Herbert (born, from tha 1 Моа 

ü в de Died 1, by А. J. 
Growl, from the author; aca шах 
cluding J. MV. Taree, by W. Ls Willa, and du De lem Ла 
ігабей Catalogue of Earl; — Portraits Collected by Thomas 


Finally, there were gifts from members and sssocintes of tha 
Smithsonian staff, notably Secretary Abbot and Assistant Secretary 


Wetmore. мэн. Charla D. Waloct also gnve в number of 
Иша, eluding two sopies af har recenity poblishad of 
North American Pitcherplants. 


Accession bo Па varinuz Hbrarisa: 
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шин 48 нан, э! amma, в He битийн of үүдэн ШШ nomad, ағалары,‏ ي 
The mmber of periodicals antered тав 04919: af publications‏ 
cataloged, (165; of carda prepared and filed, 25.407: bem masa‏ 
ef whith 108 were ta libraries outside the Institution and ita‏ ,10999 
hranches From Library of Congre 1440 lizat bona‏ 
borrowed, and from other libraries, 858. шах с‏ 
The index of Smithsonian publications was kept up to date; the‏ 
index of exchange relations was вітав, amd the union‏ 
еж attention, as tha following tabla will akow:‏ 


Lio И —= = 
ардан ава «Байн ا‎ нан ЭР 


Typed curds added нь гатар rd whol Ut. мээн # ТЕЗ 
Librárr of Congress cards дын]. bo еа and shelf шг... 2m 


REPORT OF THE HECEETART 111 
FINCA 


Mera time than кана! was spent hy the staff in preparing persodi- 
eala for binding, with the following resulta: the library of the Na. 
tional Museum sent to the bindery 1446 volumes; the library of the 
Bureau of Anserican Ethnology, 1490; the Gesithaonian office li 
brary, 871: the library of the Astrophyvical Obeervatory, 159; tha 
Library of the National Collection of Fins Arts, 113; and the library 
of the Freer Gallery of Art, Ы. Tha binding of these 8,508 vol- 
ийй all but 10% of them, which were otherwisa provided for— 
was made posible by the deficiency appropriation of 812.000 ате 
proved toward the close of 1935, Mention should also be mada 
of the fact that an expersenoml binder, asiigned to the National 
Zoological Fark under the W. Р. A, bound 389 volumes for tha Нь 
brary af the Park and several other libraries of the Smithsonian; 
and af the further fast that this expert and two other ҮГ, P. А. 
workers repaired about 500 booka, thus extending their period of 
шингэлж, 

тиса ACTIVITIES 


Special attention was given during the year to the libraries af tha 
National Collection of Fine Arts авд the National Zoological Park. 


Ая а consspuenes, much progres was mady іп sorting their sccumu» 
latioss ef mimellkneous materini and the publications 
reiaimwl availabla for ты. Many itema in ihe Шөк were 


sul № tha Library of Congres, National Манна, and Saith- 
вхшал Шпана, 

The work of the 15 W, Р, А. employees as to the library 
eonsisted largely of typing letters, copying repairing books, 
putting pamphlets into binders and labeling them appropriately, 
preparing, mounting, and Aling aeronautical clippings, pcm 
sorting publications, shelving duplicates, recording pericdirals, and 


assisting with tha cataloging. 
Smithsonian duplicates wore sent, on special exchange, to the Bu- 
rean of Mines, Ecuador, and tha fall collages and universities: 


Brown, Colombia, Franklin and Marsha ‚ Harvard, F'annsylvaria, 
Princeton, Rollins, amd Yale. 

Вара жиги. taken lide in the year te provida a third bet of sisal 
shelving for the tehnological brary, When thie ів installed, it 
Will increxse materially the shelf spac for thia important сз Ше ет 
аан]. make possible, № is hoped, the early completion of the morgani- 
ration of the libraris im tha Arts ond Industries Building begun 
ome уша и | | 
The reference and bibliographical work of the various lihraries 
of the Instibubion, which has steadily increased snos 1994. reached 
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im 1887 a high point of effectivences, requiring much time from ser- 
eral members of the staf amd inveleing servie, not only te the 
өсібейінія and associates of the Genitheonian and to other (Government 
sanployees, bot to many inquirers outside of Washiseton. Я 


HIEDA 


The library needs a larger anual allotment for binding, so 
that this essential activity may be brought авд kept mp to date, 
There should ale be ше ingresen in tha funds available for їзагсВаа- 
ing publications that have а direct bearing om the projects, both 
ртезеп& авд preapective, of the scientific най and саших bs fond 
in Washington or obtained by exchange. Toro other needs should 
be considered in due time: more trained catalogers to correct. and 
revise the catalog of the National Museum library and more shelf 
room for ite enllaetiera, 

Reapectfally eabmitted. 

Wiis L Comm, Librarian, 

Dr. С. G. Amer, 


ки 7 


а" taj 


APPENDIX 10 
REPORT ON PUBLICATIONS 


Sm: I have the honor to submit tha following report on the 
publications of tha Smithsonian Institntion and the Geremment 
branches ender its administrativa charge during the year ended 
Jume dM, 1281: 

The Institution published during the year 10 papers in the киттен 
41 Smithsonian Misellanseus Caolbetions, 1 пш] report, and 
pamphlet eoples of the 97 articles contained іп the report appendix, 
and 2 special ра санаа. 

Tha United States National Musesm ised 1 annual report, 2 
bulletins, and 23 Proceedings papers. 

, Tie Bison of American Ethnology lod 1 annual report вый 1 


(Of tha publications them were distributed 144,517 copia, which 
included TO volumes and separates of the Smitheczian Contribu- 
dona bo Knowledge, 84178 volumes and separates of the Smith- 
sonian Misesllaneous Collections, 23,808 volemes and separates of 
thn Smithsonian Annual Reports, 2200 @mithsonian special publi- 

88,529 volumes and separabes of the National Musan 
publications, 14,208 publiestiera of tha Шилэн of Aumoriean Eth- 
nology, 90 publications of tho National Gallery of Art, 110 publica- 
tions of the Freer Gallery of Art, 91 annali of the Astrophysical 
Obarriory, 10 reports of the Harriman Alaska Expedition, and 
073 reports of the American Flistorical Association, 


SMITILEOXLLN MIBCELLANEOUS COLLECTIONS 


Of the Smithwoinn Miscellaneous Collections, volumo 79, thers 
жая aed 1 paper: volume 01, 2 papers; volume 95, 12 papers and 
Ше page and table of contents; and volume 96, 1 paper, making 16 
papers in all, ns follows: 


тостық 13 


Бо В. Opishon moded By tho In&ersallaznl Commision on Фея 
Срїгйлга 154 55 PRR dd pp. [POEL 2298) Onser 25, ТЭЭ, 
NOLUME dà 


‘Reports az the collections otizined by the Пен Jobnssn-Emithaanlas Deep Fea 
Expedirien to Шш Porta Ridin Deep, 
Е SE n 114 
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Ма ОЛ, А mew Actinias, by Oskar (ататеп. 4 pp- 2 fpe [Publ 5401) 
Jandry 80, 1007. 1 | 
ка, Эй Mew имена of myxidarid guneman, by Walter ML Танан. 38 
pp, 20 Api (Pubi Hik) Мау T, 107, 


тамаа ВЕ 


Ма 83, А comperaiive йоду of Phe laham af байнуржтааа hurran, by W. H. 
Andersen. pp. £ pim. ТОН, ЖА) Amgus 11, 1936. 

Ma Bd. Meephebegr of the insest abdomen. Fart ML Tie mabe реЕНА 
(инч эг arthrepeda other then Insecta], by М. E. Бағына (0 pp. 29 ñaw, 
[Publ ВМ белгт 12. 1109. 

Но. 3Ë Further evidence an tho dependesee of bérréitrii! Fanparatapas on 
rb тависан af molar гала, by C, 4Һ АВЬЬ 4 pp. Z ge (Publ EET 
August 12, 1308. 

Ta. 16. A тенини century letter of байна! Diaz Vara Сайдагдх, ВЫЪар 
af Cuba, describing the Їайїйла and Impian missions of Ёагїйн, hy Lacy Ia 
WWenbo 34 pp, 12 ps (Ган, SERÁ) Movember 28, ШОЙ. 

Ma 11, А nrw mace of the mong қылтан from the Appalachian region, by 
Alexander Менмин. App. (Publ 20%.) Бєрнцүйнж 24, TIGL 

Ма, 18 Two origina] phatographie negatives çZ Abraham Linesn, by Aler- 
кайат Witman D pe іліп ОР, Жа) ікішіет 10, IPAL 

Mp, di Gras ia bering тілін, by CD Ü. ЛЫН. 5 pp. 1 fig. (Pus BEN) 
Мо S6 БасИтабісп of plani growth ashatases bp light, by Paal Ж. Burk- 
тәйке and Earl B. Johnston, 14 рр, 2 різ, 1 ñg. (Puk. SAUL) February B, 
НИ. 

Но, 2L The depésdenes of carbon бех ёо аваїш!Їг өх, la а Bigler pant ón 
ware length of таймен, hy W. H Meyrer, 13 pü, 8 pia, 4 Пр ГРОМ, 8405.) 
Евгригт 21, МСН, 

Ea 92. Third contribetion tó nemateciatore of Cambrian trilobites, by Charbca 
Eimer Taser, E pp (ыы ИМЖ). Agell & HF. N 
Wa. ER Ün ihe шағасын io bo appel be sÜwerdisk pyrhbellomwedry, by 
C AEE Тюп (РтЫ. 341) March 10, 1821. 

Жо. 24. Time course of рьсіюеттйіһенін fer а higher plant, by E. D. McAlister. 
11 pp, Түйн, 10 ее Publ MIO] Мар £. 1807. 

"Mie page ied alle of қойына. (Pal HIE) 


ri 


Te È Ware lage of гаа ln Ше тішыз қайтап ғанын Che 
Errreimanien of lghteensdüre jetiuce жо, Бу Істен H Бііні end E. D, 
Meiller. Е pp. 1 pl, 2 йаа (ы 341) Jass 18, MBT. 


#3MITIDISON TAN ANH TAL REPORTS 


Report Гог T8R6.— Thu complete volume of the Annual Report of 
the Board of Regents for 1935 waa гасый from the Pobhe Printer 
in Скеле 1535. 

Agua Прес of ibe Boar of Hezenis of Ela Бәйтік Jashma show. 
lag оратын, expenditures кыз оос. of the Towibetiom for Ue pear 
байга юле Ж), 1933. хїт4-550 pp. 16 pha. Sh text Пп (РОМ. EMS) 


‚_ The appendix contained the following papers: 

‘Wii ler gerere bx champs lo the атын рийн, hg Û (2. Abbot 

SERENA meaibler nud sis presses, by Sir ЧАШ T. Faika. 

The en place алтынай thy ағаға, Бр Walter Н. darem. 

The нішсерзеген ef Eia різінгіз, by Henry Boris Қан, 

The ішгіаға fete of [he Toon, bp Е. E. ҮГ, 

The upper Limpe, by (1, M. E. Dobacn, D. &c, Г.П & 

Tie тайлга of Шы cosmic гай айо, by Thomas Е. dJelirmayas 

What ba ғінігігіу? Бу Taal М. Ней. 

New fucta bos Ube paciens of Гэр arem, by Cur] Ek. Amilarmsn. 

Ты иркен ba the beie mero гі [mpi lire, hg F. Rimos, ІК ЕШ. 

Tiwary and xignifcance of themi, а енгі Hopkins, 
P. E. B. 

Жаз mlinlty of Бегіс waler, bg Фан! A бегала. 

Bricninsi übsarpsiou Ey Pacis and Miir токиїйнд (oxieirg bo animals, Бу 
Аныз М, Hurd-Kammer. 

The parcial EET of ін extinct release, Grutor Lake Майюаа! Park. bF 
Wallis W. Ato. Jr. 

СэзлэсэнХапя--Їрвайншж іп moa іт TL 8. анде. 

Тїнчару аш! aran (piala, by Батий, Pearl, 

The газа са of penelles by phyelslogr кі цєм їйл, by Themes Ниве Morgan. 

Conservation of the Pactic halibut, an isrersarissal етрезі тыны, by William P. 


The нтгайана!! baneris by Атибі ST. (Лагі. 

Those түшсэн pasts called sigas, by Ғағыне E, Meler, 

Таз Buller Саатаа project, by Wesley E. Helen, 

Wings aver tbo жой, hy Leola Бітік. | 

Tha coming af шан from Asia 10 the lighe af recent discoveries, by Мей 
агана, 

The antiquitr af man ін Acari 1n the Tight of атсїнсїору, by M. C. Neia. 

А surrey of нийлнэ, apeleologr, by Frau IL. П. starta, Jr. 

коні amd ihe Hurrlanas; The схсалаг ны at Heri {Ebriok, Iq) ams thelr 
сәйғШыдып fa car Erasriedge of the Bisgiary of Eha Wlüzrrisss, bp Robert IL 


The rulza of Tenampem, Honduras, by Dorothy И. Гэрнмж, 

Report for 1956.— The report of the Secretary, which included tha 
financial report of the executivn committee of the Board of Bogents, 
and will form part of the annual report of the Board of Regents to 
Congress, was шешей in January 1987. 

Repert Beeretarg of the сой энх. Їниїїнїэж anè ñramatal ipari ad 
оерт А Board of Regents foo ihe тейг esding June 90, 
160. ЮМ pp. 2 ра [Fob М) 

The report volume, containing the шегеге! appendix, was in press 
at the close of the теат. 


STROLL FICRETZAT2ONS 


Explorations and Beld work of the Seuithsonian Institution in 
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Statement. to the Smithsonian Board of Regents om 10 years of, 
funithsonzam affairs, by Secretary С. б. Abbot. 10 pp. (Publ. 
8418) April 1937. 


ттпалсалтана оғ тик CED FTATES МАТТЫ АЕ, MIRIM 


Tha editorial work of the National Museum bas cantinged during 
the year under the immediate direction of the editor, Paul IT. Oebser. 
There were issued 1 annual report, 2 bullotina, 1 volume of the Pro- 
adding and 2) separates from Proceedings volumes ER and 84, as 
follows: 

мааны Beer 

Report om the progress and condition of the United States Na- 

tional Museum for the year ended Jane 80, 114, Sro, ii-- 113 рр- 


Тастату 14, 1957. 
FEA] TOLLUME А! 
Compete Panne] 
Ринчин nf fhe Unkel Shite: Мара] Museum — VoL (Eh fra, 4017 
pp. 27 pla, 71 йр. 
Бурагалса! 


Ма. Si А тєв на. ûf übe овала Aias af tha games Perilompwr Тайга ө 
авсанд im Ameria опы of Mexico, By М. Т. Émulmn o Рр. 200-012. 
Ceteber 18, 100. 
На ВЮ. Pramas from Puget Босс, Бу Наггігі L ЮзЛ Pp. 418- 
жш. Вр. Xl July ü. 1500. 4 
Me. Жей (Cmllfornía бтйвсға of ihe order Dumada Бұ Carl ийг 
Tn 20-4000, рл, 84-03, August Ші, 14. 
Мы ИЙ, A comprises ef the shadlew-rater аралай pear the Fall: сай 
of tke Fanaa Dena] wlth tome st ¿ha Curfubean ері Бү ML W, аш. 
Мо SRH Mar apelin ef polpehacions амына of {Һа fang Мәтен fewer 
California. Ву Olga Hartman Pp 47-44, fup. 46-03, Poir 11, 1094. 
Мы ЖҰМ. Fenr new Яриад of (аазыйыйға рагааг оа ганла Їн BF 
A. HÚ. Gates, Гр, 8 1485 Augus (7,188 
Ма. ЭМ Таз Tesrlasy Peparalmlferag af the pora Оретсайна шїї! рые 
фен from Meet America amd Пэн Wert Indien BF Т. Wayland Vaughan 
шіні ТЕ. 1 Oe Fp, eG, pa 02-28, Daer В, ПЕ 
Ho. ЭЭ? orb of ihe mabara Mippin} олы оп (he голны of Ба 
American Kec and af Europe, Dy Leg Чабар. Гр. 40Т-Өні, Ёз. 
HL January 15, СТ. 
— Title раро, tele сё contents, авд index. Pp devi 009-017, March 17, 
1887. 

TULEUME 34 
Separapes- 
Қо mE Беріп іл the ыы sallested by EL CL Haven Ін Lake TunzammvIka 
Іш 1588. By Geecge B. Mye Рр.1-35 ра. 1. Sepoember M, 1906. 
Қа 0000 ‘Tee limale of the penus Мғагатоитікі Krischteumer. Fis 
№ А. Сыа, Рр. 11-24, fpe 1-4 Sepiemkber 25, 1532. 
Мо ЖОШ. Mew гой dake fron Japan аай Bering Ben Ну НО Lo Байн, 
Tp 25-34 Spa ЕҢ бег 10, 1988. 
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Мо ЭМ. Нетінісі af Herth Americas [зеш of Ши нарийн robër 
Tashrparinas—Tart I: Genus Tachgsorus Crasestaest. Ну Ruhani E ШЕЕ. 
тат, Ер шым, Morember 17, HL 
Колба Нет. of the Sales o£ Ғы) family Шосе ваті но, with descriptions 
ata rem speciem Бу Earl D. Пен, Гр 50-72 (3.3, û 9-12 December 14, 
19:36, 

Хо. ЖООХ Teò гийж pinê ef hawks from the Micosne сё Кийглайл. Ер 
Аїехалайат Winer Гр TTA, fpe 10, 14. Мотепыт ë, 1000 
Bo ML А sw North Ameria паналы feum Тінңінің wilh кийтн sn 
allied forman Dy Jomgh Bequest. Рр. MET, p 35. Hamster 74, EUL 
М, Жоб Tha жай 28 Гнын Lem plferun тал, mario Neguaert, with note йе 
iba habilis of De waspa, Ну Aven И. Cark and Grapa А. amibe Бү 
80-01. Киа 24, ПО. 

Жо. ей, Gnad за рийн of ihe Ташу Їлнорсїйїйвв. in Moni Amaria, 
with «естір of nem genera and spes. Шу Н. №, Loomis Рр. 07-185 
pla 5, £ Їнэ. WIR Мар 15 ЕЯН, | 
Ма ӨТ, Nois ап phkZosietkbd fibres. EF (ынде Ж Myer, Рр 15-148 
Лаппалу б, 1041. 

Ne 3008, Tbe dipem mecracrph Sabes сі cho folly Gramoleolepldet By 
argu В. Myer Гр. 1403-2000, ма D-T. 2аппагу 26, 2687. | 

Ы ЗОВ, Мөн North Ameria pelê ef kirli rma of the family Марая. 
ес ше Ну Prank Бий. Pp. I-i, January 5 1901, 

Ма ЗІН Obeervaiions sn the ачта аЬ ым Ercchgcochmm Dujardim Dy 
Ена Е. Пул. Fp BSH), рін. Û, Û. Apri 7, ЙРТ. 

Жа, 3211, Мен жіне fües (Гирогга) In tbe United Beate Notices) Mosam. 
Ву David 2. Hall Pp Э01-086, бая 10-00. Аргй ë, 187. | 
En MAL The pepa of Мұсхто фанга Hali (EHpiera), Пу Charts Т. 
Cream, Рр. 217-018, Mg Т. April DUNT. 

Ко 8018, A гет subspedes of the mymqhalid Багїсгйу Аррон Ра. Pewee. BF 
Зайн TL Сыты, Ге TID-EER 11, РА Арга! Э 1021, 

Мо, MAU А тааж sporim cë rama ke from ühe mold т 
û богата Fêl, Рр 21-200, p 11. Мау +, 1901. 

Мо. SMS Mekan һөм Fî Шу Hebert Tarr Тийн Рр 211-240, 
різ. 12-15. June 12, HIT, 

Мо, МПа Tea nix Beetles af the famiy Мәті Ене fren єныНн Dy 
| Бат. Рр. Hiii April 21, 107. | 
NE хийн т ma әлек хон (aon қарашығы Шш. FF 
Натт û Grtarkokana, Pp 213-34. Jane C0, 1907, 

Хо Оп, Бттергін of the Puerta Hias Їнэ на. of ibe genus АогфиїНийгна, 
with назіран of mew прибоя EF Espesn Пар. Ер 59-564, бр 25 Зээ 
58, 1887, 

BILLETETH 

Ma 153, part X Rinis collected Bp the Салан Friek expeticlan га Ethiopia 
вый Kenya Colcuy: Гамктек Ву Herbert Preiedmecn SHME pp. 14 pln, 56 
Has. Тобола frampek Таһа 25, ТВ. 

Ma 107. Life bhisborles сі Borih American binis ef prey. Fart 1! Oras 
Falconiformes, By Агт ныг Саты й eat vite pp. PE puso Mag 1, БЕТІ. 


FOULICATIONS от тик MEAT OF AMER ETEDOOLOTY 
Tha editorial work of the bureau haa оти ta under the immediata 
direction of tha editor, Stanley Starka. During the year one автан 
report and one bulletin were іне, ns follows: 


118 ANMUAL IUEXHET SMITIISONTAM ІМЕТТІЗГТІНІЕ, 1937 
Tipihinl Ammal Шарх: cn tbe Taman of American Bubnaolsgy t6 Ба 


Secretary of iba Врат Тас! ш ап, 185504, 8 рр. 
Delle 114, Кек medians, Dy Treo Мы, 134 pa, 9 үх 


ЕГОР OF ТИЕ AMERICAN AUSTELL ASSOCIATION 


The anneal төремен of the American Historical Association are 
transmitted by the asacciation to the Secretary of the Smitheonian 
Пейіш and are communicated by hiss to Congress, ns provided 
by the act of incorporation of the assicimtion. 

Volume I of the report for 1885 and volume ПІ of the report 
for 1921 (Writings on American History, 1992) were issued. during 
the wear. "The annual report for 1828, volume I, amd Writings on 
American History, 1053 and 1934, were in press at the clogs of the 
теат. 

ЕЛЖОВТ ОҒ ТИВ NATIONAL БОСТЕГҮ, DADUHTERA ОҒ THE AMERIČAN 

seria. TEN 


The manateript of the Thirty-ninth Anmual Report of the Na- 
tional Society, Daughters of the American Herolutien, wad (гал 
mitted to Congress, In accordance with law, Desember 9, 1936. 


Tho congressional allotments for the printing of the Smithsonian 
Annual Reports to Congress and the various publications of the 
Doevernment bourses under the admünstraton of the Inatitutian 
wore virtually шаа! up xt tha close of tha year. ‘The эрүүл т 
ак Ки жағд эн ending Тапа 20, 188, totals $65,000, allotted as 


Smifhaenlan тте... ENT 
a J... e ors АЧЕЙ 
Бағыл af Альнгийл: EIR 2.5. 0 00. Ui, 800. 
Tanger ял bona]. t mE SEE E EEN ІТ be eee ee eee ee ЖУР 
Масан Тавр] | — Ís — Sn 
іліггреткісеі g an | ee чи 
American Histoire! АжикіпіБ5......................-.-----------..... A 000 
Қаным! Са af Fina Агін..........--- ———M———€—— ага 
Rospeectfally submitted. 


W. P. Теге, от. 
Dr, C. (1. Ann, 
Seerciary, саа гийн. Тан, 


=== 
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REPORT OF THE EXECUTIVE COMMITTEE OF 
THE EOARD OF REGENTS OF THE SMITH- 
БОМТАХ INSTITUTION 


FOR THE YEAR ENDED JUNE 30, 1887 


Го the Board of Regents oj She Smlllaenian Insfifulicn: 


Your executive committee respectfully submits the following re 
port іп relation to the funds of tha Smithsonian Inetitation, tó. 


gether with а statement of the appropriations hy Congres for the 
Government bureaus in the administrative charge of the Institution, 


BAEEFIDSONKTAN ENDOW MEST ЕГЕП 


‘The origite] Бары! of Талға mihn тая EDEN) Ви (М-- 
ESHAI Панда of ey peiri Їл расына û ГЫ 

Calin, Жағы, Ер, tht. ЕЕГ Woh paymeut inks tka 

fund of De аты of СОБ, which had bean withheld dering the 

Шо of Madame de la Ба, bag the fand ty the — 

ызын RL 
талдаа senno Chiefly їп Cha угатж price Bo 1846, Ehr incor 

‘trem which may ba need for the zeneral work af the Ensciiutian. 

То tom pta Бан la mdüod сафіаі Pros savings on Їйл, 

palm fram gale ef meeuritben, ete, bringing ihe total ғатын! 

for general perpassa йд ihe amount af. 1.138, 8608.34 


The Insiitution holds also в mamber of endemment gifts, tha 
сэн af бәсін leg resbricbed to apecific use. Thess һте inmedi 
and stand on the books of the Iustitutios ая follows: 

Asthur, Танаа, fund, leme for Шү Шева nnd тыр af 


sun and ӛзіне o& rhe кшп _ 0.08.48 
Бапов, Virginia Рятйт, (mud, for ñ traveling Grhebsriip 18 
investigate ашта af соусе сн olar Khan iba allel анч... 0. 101, їй 


Bale, Lucy EL, Роль, Pag creallug a minerii io Somia Baird. 12. 423. 00 
Нага. Frederi D. food, Por pariis of animals for Ғы) 





базаны Cae fund, for lira amd саға of the Саздай 

olla Los et سے‎ 38, мт. 
Савар, Thos Li. fond. for malzbepunees of the Camy colle 

in amd premetlonm of resarvhea molating to СоНилнНхть....... T. Т3. & 
Chamberioin, Francis Loa, Гпай, for incre sed gremodon гі 

алс Іла sellecslos af puma amd нін ................. 1013 
Юу, Virgi ford, for decrease and тавь së Virgil Milyar 

БЕШЕ af Ughiine ОАЕ... вава ванне Lit 20 


Hedgkiss Coed, врео, for increase and diffusion of mere exact 
krewledpe in regard іс nature and proeri&es nf aiüménherie 
MEMINI MC Ic IM кенттен ы ВИА 
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Special Research fesd, gift, ін form af real езілік...............- Ай 
Hughes, Erica, fend, іп found ШЇ ҥй Шу ыы 15, imi 15 
Мүст, Catherine Walden, food, for purchase of Aratohu works 12 

ef ast for the тие of, and benefi of, the National Gallery ef Ал... 13,508. pa 
Tell Corgella Liiagmsa, fed, fer maintenance o£ Alfred Dume 

TUL КОШИ раан — татса s 413.55 
Тав, T. and marge W Cod, Таг genera] use of thé 

cd el ан чет. кетті do Ғы arm FEO ИТ, ТІ. 14 
Za, anata T. fund, fer Полы «ілі in Welegy Їл memor 























48 Алаг Tura ee enn nn ŘE 23, {бый 51 
Mochiing furl, ter care, afet, лы) lapona of Tickling 
collection aif malnaraba -............-:.-----к«-------------- 120 052 ТЕ 
Ballina, Miram aad William, tend for izvewdpations ін ghysbes | 
ГТ. 7-1 рр ааа аиса Ба Hê. îî 
Springer, Frani, fond, for сиге, тіс, of Bprimger tellin ава 
librarg.——-——-- a ee RT, 00200 
Waleet, Charlas D. wd Mary Vuar, research fund, for deraa 
ment of ройона amd palearircagicsl studies dad publishing 
runs НН... o наьаа س‎ Ш ТЫ 
Tungir, eles Walcett, food, held In trast. mn, 112151 
Хэлээр, Frances Hrinckbó fund. for endowméat of aquaria TEL. 3 
Teta) ессен for specifies рағромя other thas Freer 
nn МН 


The capital funda of the Institution, except the Freer funda, are 
invested ая follows: 





BuueeÉReae ifr БЮЯЯЬЕРИНЬН-Ш БЕЙ 
BEMHBERRHHEBSAEE БЕР БЕНЕН 
l&rHEXzüzunkRüZ2hE ASSESSES | 





-———— — À xs 


—€———— = 


TEEKE GALLET OF AXT FUND 


Early in 1906, by deed of gift, Charles L. Freer, of Detroit, gave 
of art, не well ая paintings, otchings, and ойе works of art br 
Whistler, Thayer, Dewing, and other artista. Later Һа also gave 
funds for the construction of n building to house the collection, and 
finally, in his will, probated Nevembar 6, 1919, ha provided sisel and 
securities to the сайлы йі value of 31,588,601,49 пк on endowment 
fund for the operation of the gallery. From the above date to the 
present time them funds have been increased by яшы: dividends, 
бітірді of income, ete, to а total of $4,581,060. In view af the 
importance and special nature of the gift and the requirements of 
the laie in respect to 14, all Freer fonds are kept separata from 
the cther funds of the Institution, and the accsunting in respect. бо 
tham їй Байх separately, 

The invested funda of the Frer bequest are classified ns follows: 
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йч. тизени for general pumpagea omc ee = LL 
inresbed enduwTesnr for apectín porpaess other than Freer 
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Total inrvated pndcwruat wither than Frer telat. 1, (1108 
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Beeches (41 Шиг шотан 2. ATE ТОВ, 14 
л! саблбе кой Armori айв иений... і, а (0 
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Нугас af Freer быйан (cost ar шат Л 
value aL date acquired): 
Tends (44 SUR erent ЕГОТПЯ:!---------------< £x, ETÀ, D, БЛ 
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ЕЧ азгана н ГШ. 
i Fras amis for apeelho mae, iher tham Freer ei 
dermenl: 
TüTësrmenis made from КЇЇ, iron gala fron 
mue, chc, of метпгіШе aad fom matings bn 
D ccs LS 
інығ орет араа, comalatinr шт її GË re 
жойған work, (ғал, ihmis: аты! бата aP 
кресі тынган, кіс. әш есен cf яше 
düwméuE fonda and from ab Ия dem 
Î? ше (небо temporary al 
L1... ]————— Toa mass) = pom тээн B TR BUT. TT 
Beinvestmaemt of ғаны тәрізі feom ole, call 
er англ гж, i eee er Thr rr rr ty жаа. 
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GVO Det, ай breed Goyer su носки ист 
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ЕКГЕЗ ЕТІИЕЯ КОН КІЗЕЛЕКСЕКА IN MIRE SCIENCE ГПЕЇЛСАТ1ОНЁ, EXTLCBRA- 
тэрма, CARE, ТЕСИЕЛТЕ, ASD ЕТІЛЕ OF CULEBCTIONA, FTT. 


"— ыш from general funds af бэр iii parla: 
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The practice of depositing on (mae im local trust companies and 

banks such revenues ws may be spared temporarily has been con 

ued during the past year, and interest on these deposita has 
nmeanted to SI DERSA. 
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The Tosiiwion gratefully acknowledges gifts or bequests from . 


De. Шага E. ЖЫМЫЯ. partion of bogat Dot po: ihe Smiilsondan Папа, 

танін of От. Albert B. Нн, for ехэ тн and ғаға of ú Ubrary 
im his pare. 

Баны C, Long Мары Dor care of culleeilas of laces, ote, presenter! в the 
Їнэ шїїнж, 

Mr. John A. RosMing, further costribuilons for airim Em ranñisikon. 

Мга Mary Vant Waleott, for certas раа! Ea knê purchase of specimens. 

Banana Согрога ор, further cvecribultons for researehés En гоёл. 

The Garden Gub of America, the Amatuer (uréemers Club of Baltimore 
fhe Herb Байыу af America, кай others, for the publishing of the Badlazni 
Manneripi. 

АЛ paymanta are mado by check, signed by the Secretary of the 
Institution on the Treassrer of the United States, and al] rerenmes ате 
deposited to tha credit of the same account, In many instances 
diposita иге Maced in bank for convenience ef collection and later are 
withdrawn is rand asmeunta and deposited in the 1 

Ты foregoing report relates only to the private funds of the 
жін 

The following anneal appropriations wem mada by : 
for tha Government: bureaus under the administrative charge of the 
Smithsomisn Institution far the fiscal your 1097: 
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‘Mame changed 48 араа] Colinciion af Füge Arta by Тав Бы. 14, TÉ:k база, лав 
maa, арргетеј Шаг, 24, ШШ, 


_ The expoaitions st Clevuland, Ohio, and Dallas, Tez, were bon- 
Hamad from last убак and tha following allotments mada for par- 
ticipation therein by the Smithasnian Тех нов. 

Ürrat Lakes Exposrien, МОТ ana ME A Sod Ld. 
Grater Texas and Pun Алесь Exgeaition.______ — кю 
: Ав Mecum was also made to enable tha Smithsonian 
Бий ИН ka кал oxhEbit in the International tiii Bala 
in Paris, Franca, esa 
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Tha report of the audit of the Smithsonian private funde is printed 


Avucmr 21, LERT. 


Exrzrrmr Gomme, Палас ar Emera, 
fmithdinias Inájüwlim, Waakingion, P. C 

Hun: Ггтилкті in mgresment we haro nudbin] the noceuriz of the БийБ- 
malam Таап für Ehe баса! pear ended fune ЭЭ, 1041, and Фону bê bal- 
изе al chab oo band, insmding peliy cash food, June Ж), 18311, te be ЖЫЙ ЛДЫ] TD. 

We bara verified the Tecond 44 тєгс ни and diabzrsemeats пола са ане by the 
#Hnatituslón алый the айтын of Die book Баға with tha bizk алтыны. 

Wa Ente examined ШП pha securities In tbe cured of {bê Entibstisn aod Шз 
ты enatedy af {he Бан аад fend Быға te арна wiih the Їннэй Робера. 

We hare compared the stated income of such secorities with the recelptm of 
ТӨРІНЕ wn] Татты! (em im agreement thesia, 

Te bore сивий) ай reuchera covering 4 лантанайн for шомыр of ihe 
Шова плана during the Па Tear ended June Pd, POST, "барт with tee nulbcz- 
ЧЕТ theretar, and һата таптығы! then wirh Нь Їн не a тоғаны af атрөва!- 
Dres and Deund Den 16 арга. 

Wo Бате ernmüsed and verified De агшин ef die TIES with sach 
brest fend. 

Wa Ташый. the books af accorat ppl көкейін Well nnd accurately kept and tbe 
securiibes csrenleniLy Mad and &curelr ned far. 

АШ afore Шеп requested br тост aadis таз propels ard снин 

"We «н the balance abest, in cur cpizíoz, көстесіт preseniz the fanrciml 
кей Нан of the Тиш aî ab Tis 30, 1487. 


Weis І. Үзлеєка & бо, 
Wins L. Тате, 
Сатай Fula Accouminad. 
Respecthally submitted. 
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GENERAL APPENDIX 


TO THE 


SMITHSONIAN REPORT FOR 1937 








ADVERTISEMENT 


The chject of the GENERAL Arrest to the Annual Report of the 
Banlibsonian Inelitudion is bo furnish brief! амбан ef жойма iê 
discovery in particular білет; reports of investigations mada by 
eollaboratora of the Institution; and memoir of a general chargoter 
ог om special toples that ато of іліггені. or valos do the numerous 

ta af Ша Iratitution. 

It has been а prominent object of the Board of Regents of the 
Smithsonian озор from а very carly date to enrich the anmsal 
report required of tham by lyw with memoirs illustrating the more 
ramarkobls and important ешки ee 
discovery, ва well as showing the general character of the operations 
of the Teatitution: and, during the greater part of ін history, this 
purpose has bean carrind eut largely by ihe publiestion of sach 
papers ая ошй possess an interest to all attracted by scientific 


progress. 

In 1880, induced in part by tho discontinuance of an annus] sumie 
mary of progress which for 50 years previously had boon iswed by 
well-kzown private publishing firms, the secretary had в seriem af 
abstracta prepared by competent collaborators, showing concisely 
the prominent festures of rocent scientific progresa in astronomy, 
geology, meteorology, physics, chemistry, mineralogy, botany, zool- 
ogy, and anthropology. Тын latter plan was continued, though not 
altogether авын аг „ down to and imcloding tho year 1858. 

In the report for 1559 a return was made to the earlier method of 
presenting а miscellaneous seketion of ратата (шыта of therm origi- 
nal) embracing a слеза ага range of вебе investigation and 
dliscumsion. This method has been continued in the pront report 


for 1937. 
129 
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CONSTITUTION ОР THE STARS! 


Ну Bir Актив бтлмікт Énraxeros 
Prefuse of Агер, Cemeg ғ Cele 


When we tern n telescope cm ihe sun, we look at it thrnuzh ita 
eae envelepes—tha corona and chromosphere—thon down Шин! 
a few hundred kilemeters ef ila nuiermest wimesphere, te s leral 
where lè becomes too opaque for us to seo further; just ая, in looking 
down св the ocean, we can sen down a few feet but no further, At 
the тархийг defined level which is the limit of oar vision, the tempera- 
ture із about 6.000". What lies below thal level? What ія it like 
deep down in the interior of the sun—and tho other stars? 

The explarstinm ef the deep interior ef iba мағ һаран in 1889 
with n paper by Homer Lana of Washington, which he entitled, “Ор 
Ша ‘Theoretical Tam para lara of tha Sun, Coder tha Flyporhesga of а 
Gases Mass, Maintaining Its Volume by Dis Internal Heat and 
Depending on the Laws of Physics ns Known io ТеттізігіМ Emperi- 
ment" Evidently he didn't believe in snappy beadlines. ‘This paper 
hea нәп the foundation of developssemia by Ritter, Emden, and 
others, which ата being совин! at the present day. 

There їн а phrase in tha tille of Lane's paper which I would undor- 
line: “Depending on Me baina af ріні ав Donen fo aaral агра 
muni." That expresses the principle of which 1 profess myself à 
devetes, We want t Énd ош how far the phenomena which we 
observe іп Lhú кеу артай with, and are à conseyaeree of, the laws that 
have been варт to matter ая the result. od terrestrial experiment. 
Take ordinary matier—some mixture of the eleencnta that we know— 
and apply on a large scale the properties of matlar amd radiation that 
have bean found by experiments on n miall сан, Treat it as though 
you wore designing в large dam instead of n large star—with Just the 
tain kind of calculations amd exercising во für ва possible the бараа 
kind of foresight. The conditions in the star are very extreme; but 
tho ultimate things io be dealt with—slectrona, atomde nuclei, Ахгаув- 
are the same іп the star as іп the laboratory, and we cam apply our 
laboratory knowledge of them. Calculate in this way what will be 
` z даа cirea si iba Пагнигй Terenincnr y Славата ый ғы ми Relat Till biet by рогтмэнин, 
ad vta Tractor нё ibo Пигтыгд Tarremia=ary, en 
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the properties of the huge mass—uhat, for example, will bo Its output 
of 11644 amd light, what will ba ita period if it is sot puleating. Cal- 
mlalo “according to the laws of physes ns known to terrestrial 
experiment”; and then ture to the man with tho telescope nmd ask, “Ts 
that anything ШЕй the абага you come асгоаа in the akg" Tt may be 
that ha will point out differences. Ш the абага have anything now to 
reveal ta ue—whiek the plyysbelet with bis limited conditions of experi» 
mend has been enable to Torosê wû &hall іп this way sort it out from. 
that which is à direct esnaequenos of what we already know or think 
we know. 

Investigations which follow this course of procedure are clearly 
not speculutive. They may hare oiber faults, and their conclusions 
may be тагнайн: but their method is tha very opposite to flighty 
comjscteme,  Purenthetically, may I нак whother 15 la not possible for 
centies of Фасо еа] investigations of the stars to fad sme other 
term of digapprohation then the tarm “speculative” ;one prefers to have 
even con's бла called by the right name, I do not class al] apovaln- 
don as a fault; and i& hes scmolimes happened that important 44- 
vansa Бата begun іп û speculative way. Tho real harm ія when 
speculative attempts are not suficienily discriminated from the 
strmighiforwanl application of coasting knowledge. And the cte- 
wore la no lasa harmful —when Leno's pattern of investigation, шал ін 
to say, the realis of applying on the stellar scale the laws found in 
thé laboratory, is confused with dhe frankly speculativa theories that 
have ak Hines been past forward; and (ротара I may add for the bans 
fit of the mathematicinna hero) worst of all, when stars саха ин of 
matier obeying the [awa of physice so for us they have been unraveled 
today, іле ocmfused with mathematical creations whose only elan 
on our attention is thet they satisfy elegant differential equations. 

І will nos guarantee that the conclusions that T shall put before you 
will survive the progress of hmewledge in the next 50 years, If by 
then the mara of gaseous constitution which we accept today hare 
given place іс liquid stars er solid stars or, ва I once suggested, сгув- 
tallina жаға composed af gaseous erystala—well, there hove bean mora 
surprising changes іп өсіппее Шап thet. Жш I bellevo firmly that the 
conclusions nre wach aa fit our presens scientific knowledge; and ibat 
they represent préesent-dar astronomy ш. sep with present-day 
physics. "To тий а rather favorite word nowadays, unjjiestion, tha 
шген of tese Investigations із, I think, not so much dependent on 
the beslote information they уз, ва із the uniGeation of physica 
and astrophyiica—enehling us to see one underlying cause or one 
elementary equation ai the root of the most diverse manifestations, 
racing Віа elfecia in the vacuum байв, in the interior of sitara, in tha 
diffuso nobulan, адні == поі. least—in the zystam of galeria which con- 
заса the cose, 


‚ Í want to lozva timo to spank of recent problems, so I will ran over 
гийг briefly the older part of the subject. Let us suppose that by 
obserration from ostside we have ascertained! the masa M and tha 
radius E ef а маг ый those two dilî. — Armed with this infermi- 
tion, what пап wa deduea [by lows of physics) about its interior? 
Tho first difficulty ia that, althowgh we have ascertained the total 
mass, we havo поі found how ib is distributed —whothor it is fairly 
uniform throughout the volume of the star or strongly comeentratoud 
to the center, I will not stop to explain how wo have got over this 
diê ky; but H Ba a alle of the problem in which considemble progress 
Вы been made in the lat pear ағ two. Аан we cannot deter. 
mine the concentration accurtely, wo ma вацт limita hy purely 
theoretical deduction. The saniral density ін mot leas then 6 thes 
the mean density, and not more tham 50 times the meas dissity—aa 
thet we know roughly the degree of concentration that we are up 


against. 

Knowing then bow the miss is distributed in the struobure we сар 
coleulate the pressure аб ony depth. Алу civil engineer will tell you 
that that is possible; so that we low the pressure sa well as the dyme 
sity ai each point in ike interior. Now the долару, premure, and 
temperature ere coanetied by в relation called the epertion of state 
of the material; if any two of them are known we cam lind the third. 
find the tamperatun—whieh is, of course, an extremely important 
thing to find out, in order to realize the sort of conditions wa have te 
deal with. For all the alara except white dwarfs, the equation of 
ніш, which connects the temperature with the pressare шид density, 
is the well-known equation of в perfect gus. For the extremely donaso 
matier in white dwarf stars the equation la more complicated; but 
the theoredical phyaiciat by his terrestria] studies has worked out for 
us the required equation. (Incidentally Һе һай worked it out wrong— 
buk that is another story, and ГИ speak about the white dwarfs 
later. For the present we will keep to the ordinary sare.) 

The internal temperatures determined in this way are of the onder 
їй to 20 million degrees Centigrnde, Having ascertained this, we 
begin to realiza the atate of things that we have to deal with. At 
this temperature all the stoma will bs highly keine. Light elements 
such нв oxygen will be stripped here ta the nucle, amd beavy elements 
auch as iron and lead will rešaËn only a few of ibê inzorzost satallita 
electrons, "The reat of the electrons will be free. We have therefore 
to deal with a popelation consisting of (теп electrons, the shattered 
remnants of aloma and photons or quanta of radiation, Planck's law 
determines both dhe amount and kind of radiation present of a given 
temperature. At 10 to 70 million degrees the radiation consistia of 


father sot. X-rays. 
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Now we сад ate meore of lass what is happening at 10 million degrees 
im the interior ed the gun. Crowded tazeiher within а cabis centi- 
meter there are more than а quadrillian atoms, about twiee as many 
Ires eleckrons and 20,600 trillion X-rays (British reckoning). The 
Х-таға ала traveling with the speed of light, nmd the electrons at 
10,000 miles а вос. Most of the ши аге hydrogen atema ок 
miber, sings they Rave lost their satellite cloctrons, simply protons 
truveling at 200 miles а won, Here and there thero will be hear 
atoms such sa iron lumbering along at 40 miles а second. I Bawa tald 
you tha spends and the state of congestion of thn rond; amd I will leave 
veu to Imagine the бо ава. Senall wonder if the істін are found 
With their garb of electrons badly torn or avan stripped naked. 

The stripped stoma are continually capturing free electrona and, so 
to speak, repairing their dress; but scarcely has the captured electron 
желімі when an X-ray bears down en it and explodes it away, ‘This ia 
not а ына picture. These аге pheneomenn which have been faend 
happening in the laboratory when we uso X-rays of the same wave 
length and electrons of the ame speed вя їп tka кїп, There ia no miod 
te go beyond the Шаа of terrestrial experiment to discover what ia 
happening ta the population, asd all the calculations have an experi- 

The atoms and electrons алс rushing violently hither and thither: but 
em tha whele they do not ged any forwarder; gravitation pulls them 
back amd keeps the material of the star in equilibrium. But the 
Х-ғауа gradually leak outward. They are Babji to gravitation, it ia 
true; but their velocity of 186,000 miles a second is sufficient for escapa 
from anp star. It is just tha атпа aa in the theary of planetary atiri- 
pherea, where gravitation is sulfcient to retain the heavier eonatitaents, 
lust. the lightest stoma have sufficient velocity to escape. The planet 
thus loses the Bzhtaat guss; und in the sma way tho star loses (or, ва 
wi вау, radiates) phodoes of radiation, Ishoeld oxplain that, although 
Шева photons are X-rays in the interior of the star, they ara trans- 
formed down to longer wave length in passing through the lagi few 
thousand kilometers of comparatively cool matter; во that it is in the 
forna of light and Ноа waves that they finally батири. 

Бо you may pietere a photon of rudistion, banging frei one way, 
then another, Eke a man in а rioting mob—absorbed by an atom and 
шп out again En а new direction, In this way а photon in a siar 
will wander nizsleeshy roand in the interior for a million years or moro 
шан” ЗАрагнар و‎ itself nt tha exit af the maze—shoois 

nú makes a beo-line across span: to the On гей » 
жінте Professor Shapley photographs it. E EEE 

Having first nacertained the particulars about tha population that 
I have been deseribing, we can apply the laws (based on laboratory 
experiment) which determine the amount of obstruction offered by 
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‚ ftom and electrons to the passage of X-ruys, агні so бані bow many 
photons leak eut inte space per second. We can compare this realt 
with ebaervatióon—shat |a tà ғат, wa ғап яға whether Professor 
Shapley catches ms many of them with his telescope as (according to 
our taleulation) be ought to cateh—in short, whether the ater is 
actually as bright as our calaulatzon makes it. 

In the Imat fiw тейге we hara found a complication in the calculation 
which I most now explain. At an eurber stago we bad to ask the 
physicist to supply à formula giving the temperatura af a gaa when the 
pressure and denzity ага known. Ned mnressonnbly he will object: 
“You Бата nob given me enowgh information. Whatds the рая 
oxygen? irom vapor? mercury vapor? or whiti" We eanmot HF. 

Еш са second ihoughta le withdrawa the objection. "Never 
mind. Ordinarily it would make а big difference, but of the bigh 
temperatures we nre concerned with it makes practically no differance 
what dament we take. Thè nice will ba almost completely bonized ; 
that із to say, their satellite electrons will be moving aa free particles. 
We only wank ba knew the average weight per tres partic. Tha 
number of satellite electrones im ап atom ін roughly half the atomic 
weight—so that we shall have reaghly 2 шив of weight per particle; 
for example, oxygen of atomic weight 18 breaks up into 9 particlea, 
namely 8 арызға amd a nucleus; iron of atombe weight 50 breaks up 
into 27 particles." Owing to this remarkable property it has been 
possible to make considerable progress with the theory of the interior 
of a slar without knowing what chanical elementa it is composed of. 

Ties are the phyzirist's second thoughts, Dut an third thoughts 
he exclaims, “Bother! There's hydrogen.” Tha rule that then are 
two unite of weight per particle does not work for liydrogen. 14 haa 
atomic weight 1 and splits up into a proten and electron, so that the 
average weight per particl bı X—instead of 2. That makes a vast 
«Ий renean. 

А year or two ngo the physicist Бал pamo nlarming fourth Шога 
about пёшгеша; Bat neutrons are abasrbed very easily by stemin 
шеей, and 1 think they will have only а transitory existence n the 
aun, ns om the earth, and never form an appreciable part of the 
popalation, бо we won't worry about fourth thoughts. The erar of 
the matter is that, for the purposes of these investigations, there are 
just two kinds of matter, namely, Aydeogen and nol-iydregen. Hydro- 
gon gives ü саме lower temperature thas set-hydregen, and therefore 
lower brightness for à star of Ekê samo mas and mdius. Our compari- 
son of theory and observation can therefore be used in two waya, We 
can calculate the brightness of à star, asaming Ше material to ba 
not-hpdrogen, compare it with observation, congratulate ourselves Gn 
the partial agreement we find, and ponder over Ше possible sources of 
the discrepancies which remnim—ome possible sobres of dicrepaney 
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will be the presence of n significant proportion of hydrogen. The 
other way їй б try various combinations of hydrogen and not-bydregen 
ший! we God the proportion which gives precisa agreement of the gal- 
caleted and observed brightness. That is the method wo panerally 
splay nowadays; the observed brightness of a star tells ын what 
proporiien of ita masa consiste of 

Dr. Bengt Strömgren found in this way that the sun, Capella, and 
other бурж] шатн contain 33 percent of hydrogen. My own calcula. 
Шота agreed precisely. “This agreement la rather specially interesting 
hems We Bdopied different composition for the remaining 67 per- 
eet of the mas. Strámgren used a mixture af rather light elements, 
familiarly known aa “Russell's Misture boliered bs agres with the 
composition of the outer layers determined with the spectroscope; I 
used s miners abowt threes times heavier, Our precise agreement 
bhira what I have already sabd—tha£ 14 males кыз dilfurence what 
kind of stellar material you нянтай, so long ns it is то дабат. It is 
still doubiful to what extent the proportion of hydrogen varies in 
differant abara: there in some evidence that it ds greater іп the moat 
massive stars, bat the evidence із поб very good. An important paper 
presented by Prof, Н. М. Russell to the Teroentenarr Conferczee wis 
partly devoted ta this ровай. 

T must say а word about the agreoment of theory azul observation. 
Since we determine the proportion of hydrogen so ва to make tha 
oharved and calculated brightness agree, we obviously cannot claim 
that ibe agreement is ñ confirmation of the theory. Noeverthalasa it 
does furnish а fairly efficient chock, Unless the theory were pretty 
Tóir the truth, wa should find that far same of the stars which we 
try it would be impossible to find any proportion of hydrogen that 
would bring about mppenneni. It is satisfactory, therefore, that all 
the siara give а reasonable proportion. IE Strürngrem bed found, 
instead of 33 percent, an &nswer which imwolvad the aquare root of 
—1, as might easily have happened, wo should have concleded that 
Шыға whe ос илр faby about the Шегу, 

‘The recognition of white dwarf stars with density far tranaranding 
that of any terrestria] matter is ome of the more spectacular develop. 
manta of tbe study of stellar constitution. A cubic inch of the mat- 
ter of the companion of Sirius weighs about а ton, and some of the 
sore recently discovered white dwarfs appear to hove higher dan- 
ilie ovea than thot. In order to explain в new point which bas 
ñrisen in eonnmetion with the theory of these alara, I must go back 
to past history. Іп 1924 the massuminnsity relation—thet ia, the 
formula expressing the result of the calculation I hare been describ 
ing—was worked out; and, en comparing with observation, if turned 
out that it wan obeyed noi only by the difusa giant stare for whieh 
it wag intended but also by the dwarf stars with densities greater 
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ham watar for which it mas nol intended, “This waa a engnplaša aur 
š the explanation was net difficult to find. We had been 
for granted that stellar matter would cease із behave ns a 
ғы when tha density approached that of ordinary liquida or 
ida. Ordinary terrestrial atome then Барта із jam together and 
з material becomes almost incompressible, Бш} іп the stare the 
temperature of 10 million degree’ causes most of the satellite Ф 
tren bo be torn away from the atom, aed what is left of the atom ія 
ñ Шау зігісішге. ‘The stoma or на aro во reduced in aizo that iboy 
will not jam until densities 100,000 times greater nre reached, Par 
ibis каалап, tho parfest gne state enntinmes up bo much higher dee 
айга іп the stars. The жап amd other dense stars insisted on obey- 
ing the theory worked oat for a perfect раа, on they hed avery right 
tà do, dined their material wes porfoet gne 

There waa, therefore, nothing to prevent stellar matter [noga becom 
ing compressed to exceedingly high dersatys али] 1% appeared final 
thet the densities which hed been сс мн from obserretion for 


НИ! 


In reaching this conclusion I was noi without а certain misgiving- 
Iwusunesey os to what weld ultimately happen to Шова guperdanan 
stum. The star ascensa to have got itaell into an awkward (ix. Witi- 
mately lia abore of subatomic energy would give out and the sar 
would tham mast ta emel dows. Bet could it? The emarmücs domity 
тіз malè possible by the high temperature which shattered the 
пша, Ш the ганы cooled bi would presumably revert to temes- 
trial density. Dut that meant that the afar met expand to айу 
5,000 tines Ия present bulk. Hui the expansion requires enargy— 
doing work against gravity; ond the star appeared io have no store 
of energy wvaxable. What on earth was tho star ta do if it wan son- 
tually losing beat, bat bed not onaugh energy to get сой! 

The high density of the companion of Sirius was duly confirmed 
by Prufesser Adnms—but this puzzle remained. Shortly afterward 
Prof. Е. Н. Fowler enma to the rescue іп а famoss paper, in which 
he applied в new result in wave mechanics which bad just been dis- 
covered. Ti fa à remarkable coincidence thet just at the tira when 
matter of transoendently great density was discovered in astronomy, 
the mathematical physicists wero quite independently turming atten- 
Шош to the same subject. I жаррова that шр to 1984 no one had 
given я rio thought ta abnormally dissa matter; bet just when 
it cropped up in astronomy it cropped up in physica ва woll Fowler 
showed that the newly discovered Fermi-Diran statistica saved the 
star from the unfortunate fate which I had feared. 

I will say n werd of two about Professor Fowler's explanntinn. Му 
colleague Fowler was іп his youth n pure mathematician, and I om 
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afraid he has never really recovered from this upbringing. Conso- | 
quently, although his paper contained resamaring' equations, it did 
sot clearly reveal the simple physical modification of ideas which 
wave mechanics brought about. Не proved that the mbar would 
manage ай right. Dui, as ура may Іште inferred from Professor 
Terdy’s revelations, I am pol an extreme worshipper of proof. I 
want to know sy; n proof dom mot always tell you that. Да Clerk 
Mixmell used bo ask, “What's the go of it?’ Well, in this case the 
“ge of H" was thit whoreas the older theory вамі that atoms cold 
only be ionized by high temperature the new wave mechanics said 
that high temperature was not енеге На! becuase they could alan ba 
lanizsd ky erusküng them ender high presure. Several writers tura. 
Мей tà it, before T did, thet that was what Fowler's ruther mysterious 
result really meant; bui I think that it ia still mot at all generally 
knewn. You aes this allows the star to ен down and still retain 
ita enormous density—which tho older quantum thoory did not. 

Not content with letting well alone, physicists began to improve оп 
Кашаа formula. Ther painted owt that im white dwari ты зоа 
the electrons would have spends approaching the velocity of light, ond 
there would be certain relativity affecta whieh Fowler heel neglected. 
Consequently Fouwler& formula, called tha siiman degeneracy for- 
mula, come to be mrperseded by à newer Formula, called the relai- 
isis degeneracy formula. АШ speed well until certain researches by 
Chandramkhar brought ect the (net thet the relativistic formele put 
the шата back in precisely the sume diffealty from which Fowler had 
rescued them. The small siam could cool down all right, nnd end 
their days аа dark abars in û reasonable way. But above à certain 
critical mea (two or three times thet of the sum) the star could never 
cool down, but must go on rediating and сопігасіњ ший horvin 
know тый keme of ilk That did noi worry ; he 
seamed to like the stars to behave that way, and believes that that is 
what maliy happens, But I felt the sume objections ns 12 years 
earlier to this &tellar beffoomerr; at least it whe заа айгагцав ta 
romae my suspicion that thera шин! ba somathing wrong with the 
physical formula used. 

I éexazmined the fermula—tha so-called relativishio degeneraey 
fermula—and the ботийн I camo to was that it wes the result of n 
сорайым of relativity ihisry with a nonrelativistic quantum 
Шасту, I de nod regard the offspring of such a union ax born in 
lawful wedlock. The relativistic degemernev formula—the formala 
currently used—is іш fact baseless: and, perhaps rather surprisingly, 
the Girnvala dêrî? èd hy ü. егте Ё. артай of relativity theorr із Ши 
ordinary formule—Fowlers original formula which every ena had 
abandoned, I was not surprised to find that in announcing Безо 
eanelussons Î hèd put. my foot in a Бог 8 neat; and Î have had the 


CONSTITUTION OF THE ЁГАНЖ--ЕПГХЄРГОК 139 


.physicists buzzing about my ears—bat I don't think I have been 

skupne yet. Anyhow, for the purpose of Шин lectere, I will assume 
that I haven't dropped а brick, 

I тєвшгө to refer bo а personal aspect of this investigution, singa it 
shows how closely different branches of science are laterlocked, At 
the timè when my suspicion of the га гийн degeneracy formula 
was roue] by Chandrasekhars resulta, 14 was very inconvenient бо 
ine Lo врага time bo follow it oup, beoguse I wes immersed іп a long 
investigation in a diferent field of thought. This work, which had 
oeeupéed mo for È years, wos staneg баара ап and tapa remained 
only ame problem, namely, tho accurate theoretical calculation of the 
parmal бапайа, needed bo roused it off. But thora Î had completely 
өзне, Î had, however, жасағы a period of 4 months fres from dis- 
їгас па which I intended to desata бф it—to make а supreme effort, 
ао io яргай, But having inrantionly begun іс think about the 
demeneraey Гота I sould mot get ағат from it ТЕ Dek up my 
time. The months dipped awny, end I had done эй with the 
problem of the eosmical constant, ‘Theo опе day in Шүш to besi 
ғау degencriey тен Па from АЙ poinba of view, I found thet in one 
limiting ease it merged into а ensmüeal problem. It gave а new 
approach to the very problem which I had had to pui nside—and 
from: this new npproach the problem was soluble without mmeh dii- 
culty. I can see now that it would bavo been very dilfirult to pet ні 
|t ln any other тау; and it із most enlikely that E should have made 
азу progress H I bad spend dhe 4 monilia ба tha dirst lia of attack 
whieh I had planned. 

The paper which I read to the mathematical section & [у days 
ngo! giving n calculation of the speed of recession of ibo spiral пал ан 
авд the sumber of рам in the universe, hed an aatrenomieal 
өтініп, It waa mot, however, suggested by consideration of the spiral 
nebulas Tt aree out of the abaly of the companion of Sirius and 
oiber white dwarf stara, 

I mentioned that we only gradually came to realiza that ionization 
could be predmeed by high pressure aa well ва by high temperature, 
I think the first man to state this explicitly wos D. 8, Корат, Sisi- 
Ши by ema werk of Н. N. Rumal, Kothari his made what I 
think is an extreenely interesting application, The relation of иншэ- 
tiom to pressure is a curious опа, for ал lew pressures we dienaas the 
Шейка Белі by inereasing the pressure; but the ionization must have n 
minimem, for at high pressures the Fermi-Dárac complication stepa 
im ond Ше ionisation ultimately increases with presare. Мо one 
seems із hore bothered much about Ыз revised ionization law; thay 
have been content to recognise, or 1 think rather ba guess, that in 
white dwarfs the ionization would be pretty Ші, КәШігі, bow- 
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ever, bas treated it sezbsualy and worked ont the degree of Sonization 
in varios conditions, Inebeding eormparatively small masses in which 
tha pressure ія relatively low and the Ба гай оп is not very high. Не 
hes thes obtained formulae which be Fa able be apply bo tha planita. 

I tern now bo the subject od subatamie emengy which we Бабата ta 
ba the коше which Бя АНЫ s stara heat. This is û matter on 
which, until about 3 years ago, terrestrial experiment gave us no help 
аб АЙ, Conditions have new changed, and physical laboratorie 
throaghout the world have given themselves up to ай orgy of atom 
splitting. Jt is of immense importance for the future of astronomy 
ая а mew laboratory technique enables ua to experiment direetly on 
the prema of liberation af атамау by trazamutation of atomic 
nuclei, since Чин ате almost certainly the processes which keep ihe 
вата alight. But at present it is too early to expect resulta thia war. 
ТЬе theory пі stellar constitution, which I hore been describing, wos 
huit up without any lberatory knowledge of sshatomde onongr, 
This was роко because the problem of the source of maintenance 
of a siare heat could be mgramiad almost completely from the mat 
of lhe problem. Ту Lane's method we could determine the teenpern- 
tore—how much beat there was En tbe elar—without speculating as 
іп byw iE ume to ha there: aed wa meni ahow that ж atar an ай 
must relinga at the moment a calculable amount of light and beat— 
without inquiring how il sanae Lo go om radiating ib for thousands 
of millions of rears. Іш short, the strueturnl problem could bo sagre- 
gated from the ovolutipnary prohlam. 

The only point. at which the segregation ін &ot complete ін thw: The 
eumenntratisn of Qamaiby toward the canter of a atar depends to some 
forint on how the source maintaiming the beat ік distributed. It 
зайлаа Clear from present-day experiment, aa well as from astronomócal 
атыма, that the liberation of subatomic anergy increases rapidly 
with temperature; so that we may expect it £o oceur mainly im the 
hottest central part of the abar, "Tis bas the effect of diminishing the 
concentration ed dansity to the eenter—saking it lees tham in the 
standard model which has generally been employed. This affect ja, 
however, limited; because, if the star overdocs it, convection curreata 
аға set up, which bring about empensation. "То describe our present 
conclusion I must use technical terms: The density distribation near 
the outside hua в poly tropic index 3 which gradually diminishes to 1.5 
HE the canter, where thers is n convective cora. I апа speaking of 
ordinary stars such as the sun; but eurinmly enough this speciEcation 
ef the density distribution applies also to white dwarfs—for which it 
-— € the тебди modd Шохай іш the whit ати Н 

бгаа about in quite a dilferent way. 

Apart from this aisament, the researches which I have hithorto 
deseribed are met affected by theories ef subatomic onorgy. But 
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Шыт put us in а favorable position ta learn somothing shout the laws 
of subatomic sengr. Many well-known lines of argursant bare 
eon TIR bêd i that the aun and sare have à Шетпе tà be reckoned in 
thomsanda of millions of yorm—=which mæra that avolutionarr 
changes are extremely slow, and that tho beat гн by а star inte 
space is almost exactly balanced by the head liberated from eabadombe 
sources ін the interior, So when we mene the mention af m star, 
wo measure the generation of subatomic energy. You seo then that 
ihe menmi of sabolomic energy із just û oxen оғагуйау 
astronomical measurement, 

To the engineer ihe release of subatomic Өтілу on а practical 
senle із, and seems likely to remain, n Utopsan dream, То the pilya- 
ictal 18 waa, until 2 years npo, а field af нэмэгд 4 theoretical 
apeculation. To the astronomer it hns long been am evoryday 
Phepomenes which ti would be absurd to close his orea fo, 

Having than remašured the гала ef peleams ef uihabombe enéenpy іп 
all types of stare, we can correlate it to the temperatures amd densities 
which we Батга found in the Intenor. Thi more or less direct amis- 
tigation of the conditions of release con be supplemented br n thro- 
mbeal amination of the conditions ûl stability of stam containing 
auch в soaroe—n line of attack initiated by Prod, H. М. Russell, 

Tf che мат contracts, the liberation ef sbaionüs anergy musak ba 
stimulated; oiherwiss the atar ia onatable, Wa cannot deduces 
astronomically whether the stimulus comes from the incne&wxl 
temperature or the imerensed density; but for simplicity wo shall 
яиррааа ib de be mamly Нь temperature. ‘Then cach shar 6óntraata 
until На internal terepeeaturo reaches the value at which the Hberwtson 
of subatomic апару В equal to the heat related, and there it 
sticks—not quite indelinately, but for a very long period until tha 
sources of gubatomic energy show signe of exhauatbon, The siara 
ош the main series appear to be those which have reached this balance 
йгый abuck, Now И la one of the resulia od our previous investraliona 
that the stare of tha mals serica, from tho most massive to the lightest, 
have practically the same internal temperature. We used to give 
the central temperature wa 40 million degra, but tha Ёдиго has come 
dewn—partly by the recognition of the abundance of hydrogen and 
partly by the eubstitution of a los condensed model, amd tho present 
estime із about 15 million degrees. But whatever it is, it is nearly 
the same for oll. ЇЕ appears, therefore, that en the main seme а 
small star which requires ú small алин of energy per gram to 
maintain its radintion amd ú massive ніш roquising 1,000 Шинэ аа 
much enenry per gram boih have to rise бо 15 milion degrees bo 
liberate it Ûr to put it another way the liberation must. increas 
1,000 fold im а rise of temipersiure scarcely larga enough for ин te 
notice in our rather rough calculations, 
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Another result of the examination of the stability of û star is — 


important. The rate of liberation of subatamie energy must increase 
with teexpersture ш тын ios fost; if 14 increases more atecply Шаа а 
certain limit the star will be thrown into pulsation. Some stars do 
pulsita, namely, tha Cemheid тағар, hut the majonty do not. 
Perhaps we may infer ihat the actual law of increase із pretty near 
the limit, zo Ebaê dhe соға Шала of most of the абага are om dhe one 
dda nnd those of the Cepheida just beyond it. But there is a way 
by whieh the star сал escape this pulsatory instnbdity, We hare 
bean suppesung that the response of the subatomie energy to tha 
stimulus of temperature ia immediata; if tharo Їл ж Їар-- the rising 
temperature stirnulates the Tormatinn of gclive matena! which emits 
the energy laier on im its own good time, or if it staria n chain of 

es cd whieh the &ebsal energy Шетте is the last, then thera 
will te mo pubation, А lag of some daya at least ін required. Fro- 
vided ihare ia this lag, the stara will be Hable, even though the energy 
Gberation incase very rapidly with the tompeniure—aa our 
ubserratiogal гезшіз Tor the main series stars indicate ond пя ін nleo 
indicated by the recent laboratory experimenta. 

Thi ін the mam information about subatomic energy that тей haya 
Гааль from astronomy. I suppasa that, taken Б рийг, EU seams 
a meager amount, Bat its lmnporianes [з considerably enbanced, 
when wa recall that on almeast every point it таа completely at 
variance with the views then held by physicists. Tha only form of 
liberation of subatamün битүү with which physicists were then 
ешшм wha rádioaetirste-a& process independend of density and 
unaffected by temperature unless the tenperature were far higher 
then 15 million dagre; and they were inclined to be intolerantly 
disposed toward considering amy other proses, no matter how atrong 
the astpopomieal evidence might bû. I eamnot but think that this 
š an instance of the harm done by the writers who give ihe impression 
that stellar investigation is û field of loose speculation. Physics and 
astrophysics ore one swhject, following the sime rules of progress, 
recognizing the same standards of rigorous deduction, авд utilizing 
the айпа corpus ӨГ accepted knowledge; and liable to tha same 
failures throats our haman limitations, 

Varig а епн warê тайв to find a loaplole for &dmitting much 
higher temperatures in the stars so ая to satisfy the physicists ebjec- 
tion tú admitting energy liberstion controlled by low temperature; 
for example, Jenna's theory of elementa of very high atomie weight, 
and Мінез theory of the existence of a core of white dwarf density 
in ordinary stars like the sum. Wa enn senreely say that auch aug- 
Ком саа are impossible without atiribwting to our existing knowledge 
of the [ows of physics greater completeness than wo care to claim. 
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 wxxminalien mot to fulfill whet was initially claimed for them—on 

Ше strength of which they were recommended, Amd aeond]y 16 ів 
not unfair to describe them as agreeing with the physicist on û matter 
за to which le knew mothing, of the express of disagrecing with him 
en таа ага ља to whieh he claimed tò know à great daal. 

АП that bes changed now that thea gu bates proces here been 
studied in the laboratory. They are found to require comparatively 
low apesda of dhe particles, corresponding te comparatively low 
temperatures, such as the stellar investigations hed indicated. The 
first criticiam I beard, after tho experiments on désistegratlon of 
окшош by protons had bapan, wee that 40 million dogreas was too 
high a temperature for the aum: and 14 could mot be math over 15 
million degnees withowt blowing up. Happily we hod been before. 
hand; and the revised astronomical caloulations had already lowered 
‘the temperütare to à point whieh makes the gan safa for posterity. 

Mew experimental disenweries bavo helped на to some do an 
important decisinn ns to thee nature of the subatornic energy release] 
in tha stars For 15 убайга wa have been Беафар belem іле» 
alternative арата. “Tha enenrr might be provided by désteóna 
ard prótons &mnibilatimgz one шимнт, thus setting free the whole 
energy of their constitution in the form of radiation. Or it might 
be provided by transmmtakicn of ike elementa. Even im ihis applica- 
tion it remains trae that we need distinguish only two kinda of atallar 
matter, namely hydrogen and not-hydrogen; so Ша trinemulation 
бат be more precisely defined һа the transmutation of bydragen ista 
not-lydrogen. The nnmihilntinm nf û proion by an electing corre. 
aponda to the complete disappearmmes of n hydrogen stom The 
mony reed hy the tranassutatiom of û hydrogen йога into other 
elementa ja only about Қаз of tha anam whieh would ha relensed by ita 
complete disappearance, ‘Thea the anmilsilatiom hypothesis provides 
more than 100 times ns much energy па the} trassmatation hypothe- 
вла; and the possible Gfetinie of а star 18 Шшатаавай. 

Alp to decide betweon the two alternatives hy —— 
evidence were incondusve, But recent progress in physice seem 
to point decidedly to the trazamutation hypothesis; asil tha anashia- 
tion hypothesis seemm io have been generally abandoned, Perhaps 
tho meat sericma blow to it was thn discovery of the райтоп by 
Aruderann at Pasadena. Тһе positron, mot the proton, is ike inan 
олуы af an Өтетін: amd pagsitrnna and pleetrona da namihilkta 
ons another. (har host for slaughter being thus satisfied, it would bo 
incongrecus to bring in the proton ва an ата ий ape: and wm 
leak on the supposed annihilation of elestrana by protona ка a rather 
misdirected antielpation of the real cancelling. 

Simultancously the very long time-scale, which corresponds to the 
annihilation hypothesi, has lost ila пагас лега. The phenomenon 
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of the expansion of the systems of the galaxies which comsfitules our 


univers, аа well as іліге of the stability of individual galaxies, maka ` 


it Беш tó assign an вре to the stars greater than 5,000 million 
years, The radiation required for this period is amply provided for 
by ibe tramanutation hypothesis, and the hundred fold greater 
energy proided by the annihilation hypothesis would only be an 
атган ПЛ. 


Doth hisa were originally theoretical suggestiona; hut the 
Pty ва šq een cow claim a definite observational 
baa, Take the sun, which wo have found to be one third hydrogen 
шәй two thirds noi-hydrogem, At 15 million degrees the hydrogen 
із ionized and Ия ти --4. ¢., the protesa—are traveling nt average 
speeds of 500 miles a mecond. We know that іп the laboratory pro- 
tons of this speed attack and enter, the nuclei of other elements—the 
not-hydregen—and bring showt transmrotations in them. Wa may 
hope that in dua time the physicists will bo able to trnoe for us the 
whole sequence of changes direct amd indirect which result, so thet 
we shall be able to End quantitatively the rate of diaappearanés of 
іне hydrogen under tham conditions, and вэ find the amount of 
whatomio energy of this kind liberated im the an. If И ia found 
io agree with the ғап rato of radiation, wò ahall then hare definite 
proof that na other souree—such as annibilation—is operative. We 
are, of coarse, far from having the necessary knowledge at present, 
Tt is complicated by the fact that, although the protons enter atomic 
ваны авд change the mochi into naw elements, іп many cass tho 
new mucbrus breaks down efter a short time, a proton is ан out and 
no pèrmanènt tranametation results, Such permanent tranansutatlon 
as im observed conss ab the єв of a chain of processes of which tha 
attack of the proton on the mocleus ia tha first. It is interesting to 
motion that thin waa already foretold by the astronomical inrestign- 
tives which, as E have бай, demand a time-lag between a atimulation 
af the activity of the protons by rise of temperature авд! the ёогто- 
ee рр і 


Епа: * =“ Ages 
І Бате piven you my impression of the way in which this new knowl- 


dee works in with, and & far қа we can gen, артеаж with the costing 
theory of stellar constitution, not because I lay alte on the rough 
eonelusbesa thet cam be drawn in the turmoil of new di 

data атаа ав proset ата far tna serappy—hut becuse I want lë 
tow how intensely imperant for astronomy F the work of atom- 
spütting now in progness—se thet wo may look forward із great 
dévelopesenta in the future. 
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DISCOVERIES FROM SOLAR ECLIPSE EXPEDITIONS! 


Бу BE. А. Мисал 
Director, Leander MeCarmick Übwrratory, Тлллатийн af Visginia 
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Throughout al] aes of tho world’s history, tha coming of & total 
eclipse of the sun has always bsan regarded with fascinating interest. 
Even today in some less civilized portions of the globe, а dragon is 
believed to be devouring the aun, with the result that (Ьа monster 
must be scared away by the beating of tom tome or must be appeased 
by the making of sacrificial offerings. The present-dmy appeal to 
intelligent people 18 а twofold one: fret and іргені, on бо of 
the spectacular character of dhe phenomenon, the coming of duricnama 
during the daytime, and thé matchless beauty of the corona, nnd 
second, on account of the apparently uncanzy skill with which the 
astronomer is able to predict hundreds of years in advance the бхын 
hour and minnis when the darkening will take place and the location 
оп the earth's surface where the phenomenon may be observed. 

The modern scientife method of invewligation, that of exparimenta- 
tion, came into vogaa abowt the time of tha 1542 total eclipse which 
теш greeted at Milan with shouts of “Long live the astronomers,” whe 
bad provided во hesutbul n phenomenon to please and interest tha 
populace. "The unexpected beauty of color and forma ol the promi- 
pentes nnd the corona, coupled with the discovery of Baily bends, and 
in the year following the discovery of the рег су of sunspots, causé 
an unprecedented increase іп interest im the physical constitution ef 
the aun. Ш one of our present-day enthusiastic eclipsa astronomers 
had been alive at that time and with long lile and unimpaired vigor 
had been permitted to take part in each eclipse expedition from that 
day to this, and if he Һай bad to take his тегир run of beck with the 
woather, be would have been permitted 1 precious hour of 60 golden 
minutes to necure all of hia cbeerrational material. Among all the 
wonders of modern science, it із sata to atate that the перап astron- 
omer eclipses the performances of any other scientixt in the wealth of 
information gleaned per bour speat in securing the oheervatioas. 

Lia BIR, дәне Lasma, onder iba наран of the zz banetian Шайды, Falbraarg B. 100. Tit 
Marr expedition ty Casim Fuad. Тағыны Ны Witt! Брчимиа nl Ты МО! 

‘Woh KEF me қораны рынағары Zeus thia latapi кісен, (bes ol Tana 3, ЧЕТ-ЕР БН. 
Xi —145——LL 1415 
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Photography was employed with socas at the eclipse of 1560, nad 
by Ин means it шая proved thai the prominences belonged to the sun, 
‘The first triumph of the spectroscope nš eclipse time was the discovery 
of helium їп 1883, though it was not isolated яа nn inert рая until 1895. 
Coronium waa discovered in 1589, but even today we do not know ita 
physical constitution. Before the өс раа of 1870, Young foretold а 
sodden ehange in tha appearance of the spectrum of the зип al the 
tune of the beginning of totality, from dark lines on a bright back- 
ground із the sudden Bashing out of bright lines оп а dark background. 
Hia were the first eyes to жа thee арісігшп of the chromosphere ealled 
by him tha “flash spectrum" whith was first photegraphad but very 
imperfectly af the eclipse of 1893. With better and better photo 
graphic plates, each eclipse, especially since 1000, Бая bien nexiduouslv 
obaerved, distances away from bome and difficulty of access being во 
inparmountable obstaebes to the өс рэг observer. Опо of the most 
apéctacular disesveries from echpess came in 1919 with the verification 
of the relativity ahifé as predicted by Einetein. : eclipses 
gave в more comple&e verification. In the following pages will be 
ven m more detailed account of tha chief discoveries from the moet 
recent of eclipse nissmratiema. 

There ага many different kinds of eclipses: Бенрам of the sun and 
ныса, байыш of a ater by the moon, colipses of Jupiter à and Saturn'a 
зам на, and eclipses of one star by another of a binary spsiem. 
Observations of eclipsing binaries have given valuable information 
regarding the masses and densities of stars—but for lack of space 
the gubject eanmat be treated here. 

The seewracy with which the times of solar acd lunar eclipses can 
be predicted depends on the reliability of the work of astronomers of 
all ages, amd the manner in whieh the torch of lenrning bas bean handed 
pi e E ит рая 

sun Ча now known with a very high degree of necuracy. In spita 
ef the refined researches on the motions af the moon, the place in tha 
sky of cer unruly neighbor is yet not known with & sufüeient degree of 
precimen. Tables of the moon аға used for calculating the place of 
the moon ің tha nautical aleüanacs prepared by diferent national 
Envernznenla sore d year in ad vasco, For theas almanac ров бола 
it is diairablo to keep the Шингу of the moon as free ws possibile from 
arbitrary émpárieal tarma юэ that the lunar theory may not be cluttered 
up. When obeervations ùre secured, the resulta eon he Ti 
directly with ibeory, Between the theoretical position nf the moon 
given by tha almanac nnd the ebserved place Lhúrú may be n difference 
of several ssoondds of ure. 

For long-range predictions of lumar or solar есііреге the simplest 
mathad is to refer to Oppoleor's Canon dar Finaternise whera are 
given the elements of all the ёс рын (8,000 solar and 5,200 lunar) 
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betwen the date 1208 В, С. and A. D. 2167, tagether with charts of 
the earth showing the locations where total and annular solar spans 
may be observed. Oppolzer's predictions became possible on account 
Of the fect that the moon repealelly takes mearly the rame postion 
in the sky with reference to the sum and earth ns із shown by the 
Todlowing values: 


Tupa 
Н ойр ушка —....................—...—.-.- ë ELE тым 
233 aymodia Ик... - „5-5 еше сыш езе евз есе МШ! 
842 nadieal month. . завлававшаааьанавааааа В ВЕ RR 
229 anomalii сон... w... mú..." ñ, Ba sari 


эс бн XD fu ар N wes awa Do HOC В 
moon's mode was aot fixed, Nineteen returns of the sun to ike node 
ағ 243 od tha mean tnis plese in 6,585 dava, an interval of tima known 
ta the Chaldeans пз the бағы (meaning “repetition™), which № 
equivalent to 18 years 11 days or 18 yours 10 days depending an 
whathar 4 or 5 leap уғата intervene, The author ebaerved his fret 
total solar eclipse in Cleorgi& on Мау 25, 1900. In 19818 ho had to 
travel westward to Отероп io observe tho eclipse of June 8, Tho 
following ес раа En the Bina sceurred ап Jana 19, 1938, and таа 
observed їп Soviet Rosia and in Japan. The chart on plain 3 
ahows 44 total eclipses in the series which inchules the eclipse of 
August 31, 1832, ‘This series in А. D. 1211 began near the earth's 
North Pole in the year 1855, ғо that for 776 уғата this гс рэн has 
bem repeating Шао again amd арша alter the lapso of the Батов 
infarval, "Thraa times thia interval ін 54 узата and 1 momik, and 
it Bš жеп from tbe chart that the sîpas track & fairly parallel to the 
ona 54 years eazlior but farther perth, Ла auch aserics of зовгас на 
there аға between 68 and 75 repetitiona, depending om бігешийленім, 
axtanding over some 1,200 years In ech seriem there are арргохі- 
mately 25 partin] and 45 ceniral eclipses. ‘These numbers vary for 
different series, Of the central eclipses, total eclipses follow total 
eclipess with about the катпа duration of totality and annular erlipana 
follow пат вс pera If eclipses take place ai the moon's descend- 
ing node, the eclipse tracks come on the earth at the South Pols and 
more тінін, whara if агага occur mt the meendimz mode the 
өс эв tracks шан at the North Pole and move шилээ. 

According to Oppolzar, thore are са the average 237,5 solar eclipses 
ів а eentary, or more than 2 solar eellpesa per year, There аға KIA 
partial, 77,3 angular, 10.5 anwolor and total (the veriex of the moons 
shadow jast reaching Ше earth), and 05.9 total solar ебри, Ün 
the nverage, therefore, two total eclipses are visible іп 8 yeür& The 
ehnrt showing the series inelullzer the 1932 oclipan shows thet the 
succeeding eclipses ага difficult of soce and therefore will probably 
pasa unobearred, hence а total solar eclipse is actually observed about 
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one avery other уст, Та the years 1800-88, expeditions hare ! 


attempted observations on 15 separate eclipsas, 

In a third cf а century there теге five total eclipses observed in 
Ша United States, those of the years 1900, 1918, 1922, 1025, and 1032 
bat in the coming half-century only the two eclipses of 1988 and 1070 
tan bring selen ki fla resulla of value, though two other ас рааа іп 1045 
and 1954 will barn at sunrise about on ibe Canadian border. Hence, 
the pnesant generation of American eclipse observers must maka 
long trips from home if the eclontific reputation af the country is to 
be zanindatned. 

The total number of elipses, solar and lunar, partial and total, 
that шау occur із 1 calendar year varies from n minizsum of ізге to 
m pnaximum af занал, The number of solar eclipses in а year Tarim 
from tra ta firs. Im the years 1828, 1930, 19280, 1823, 1940, 1044, 
1951, amd. 1852 there are two ге раға only, beth af the san. In 1085 
Шыға were two lunar and fire solar eclipses, n combination that will 
Бәз take place again until the уйат 2485. In 1982, there will be three 
total lunar eclipses and four partial solar eclipses. 

Taking the earth as a whole, there are more solar eclipses than 
lunar in ths ratio of 4 ta 3, It has boss calculnzod that on the yara 
a total eclipse of tha sun visita а locality ance every 360 years. The 
maximum duration of totality ai а solar eclipae is 7 тьма 30 
amanda. On June 8, 1837, totality will last Т minutes 4 Бичин, 
Tha eclipse шар be chaerved from a few amall islands in tho Phoenir 
group about 8 o'clock in tbe morning when totality will last а little 
пога then 4 minute. Thirty-ve minutes before sunset tho teki paa 
will raseh Faru, whera duration is $ minutes 20 seconds, and an altitude 
of the aun of only 8° will make scientific obeervatinens 4 са. 

Tha inhabitant (and we believe there are none) on Jupiter oz Saturn 
would have frequent opportuzitics to observe total eclipses, both of 
the sun ad of the moona. If our own fair Luna таға 25,000 miles 
farther olf from the саг, or if Ив diameter warn 10 parcent ansaller 
thara would never ba а total solar eclipse, What а dreary оМ world 
this would be, especially for poeta and lovers, if the earth resembles 
Venus іп having no moon! 


TIMES OF CONTACTS 


The position of tha moon is furnished from the times of contact of 
the limbs of the sun and moon. Tha time of first contest, or tho 
beginning of the eclipse, is difficult to observa visually with йббагасу, 
mince поёлпр ів to be aban at tha edge of the кшп until Ша moon is 


x 
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_ of totality, сап be determined with greater accuracy. By mina of 
photographs taken throughout the pertal eclipses, both before and 
alter totality, the relative positions of the aun amd moon сан be 
determined with в mach greater eccuracy ihan can Ї «Маш 
visually, адні in addition many more observations aro available than 
the foar dimes of contact. 

AL the өс рээ of 1005, totality came ahegad of the predicted time 
hy 20 seconds, іп 1018 by 12 seconds, and im 1922 by 16 seconda. 
Fer guiding tha werk of the eclipés astronomer, it im now deemed 
desirable ta keow the timea of baginning asd onding of n total solar 
eclipse within ша error of а few seconds. — Accordingly, it has become 
customary in recent years to secure from Washington or Greenwich, 
а шїї! ar more before the eclipses Makes place, correction bo the 
almanac positions of the moon. 

On. account of the diffival&y of seeing the moon when near the time 
ef ner moon, there ka ordinnrily a gup in tha торх lenar claarra- 
tons, whether these are made by oecultations or by meridian circle. 
Ал inbepse interest was ағошафӣ im the United States by the total 
eclipas of January 24, 1925, which wie visible Lo almost one-tenth of 
tho total population of the country. From large nambera of careful 
теши К ee н кии eee 
Бірі degree of accuracy and thua permit a comperienn of diferan 
xol Man x aue Амин нэ EMEN FORE 
pecullur to amy one тойн... For predicting the eclipse it waa necea- 
sary io add а correction of 7.0 to the maan longitude of the moon 
аз given im the American Ephemera, The Шинж of өмхий contact 
by skilled ohservers with every facility for obtaining accurate poal- 
tiene of their stations and accurate time signnls on eclipes day differed 
from locality ta laeality by ever 4 ascends, and the dumtion of totality 
had a range of ñ seconda, variations im fact muck larger than ware 
expected. However, if mask nod be forgotten that the outline of the 
moon departa greatly from a perfect eirela and that the tima of the 
beginning and ending of n total solar oclipse depends very largely on 
the character of the luzar wurfece кі the point of contact, the bogin- 
Bing of the total eclipse not taking place until the last Валу bead has 
disappeared. The comparison of the different methods shows that 
the meridian observations of the moon differed widely among them- 
selves, Осы ся and eclipse resulta agreed with meh other 
within their probable errors, but thera were systematic differences 
from the meridinm observations, To obtain greater һоспгасу, ú 
тай па must he eomtimoed at esoh succeeding ера. Times far- 
nihêl br abaervations ef eclipses give information not only nboui 
tha motion of the moon but also about the time of diurnal rotation 
of the earth on Ив өліп, with the result that an observation of on 
eclipse of the sun made 3,000 years ago has an important bearing on 
recent refined. researches on the motion of the maoa, 
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The total light of the corona m roughly one-milliceth that of the i 


enday sum or oneal that of the fell moon. The coming of a 
total ti the last few seconde before totality, the 
engulfing shadow of the moon coming from the west, the sudden 
coming of durkmees and them the gorgeous corom& make a never-to- 
le-fargotten apestacle, ЗАЙ! further enhanced by tha heanty of tha 
may rw] prominences. Regarding the 1925 eclipse, Шш New York 
newspaper folk state Шаб mo phenomenon of modem life had se 
many words Ге per unit of duration ad the vont йй that piris- 
lar асран. 

Tha corona шау bs photographed by cameras large or small, fusi 
. er Мөн. In spite of the excellent qualities of modern photographie 
technique, it is still imposible to get am ndequnte photograph thot 
will represent all the details of the corona. that аға readily visible to 
the naked ув. ‘The inser corona ін very brilliant, while the oallying 
portions of the coronal streamer fade off gradually із nothingness. 
From the сс perch of Pike's Peak im 1378 the torona wos detected 
іп 12 diameters from the sun's edge, a distanes of over 10 па Ша 
miles. As mpewe long escugh to portray the faint outlying аёгааллата 
will have the inner coroma quite burnt out through everexposure. 

With cameras of great length it Be meccmmry to countered by 
ше ал Её] means the diurnal motion. ‘This шау be dens by mounting 
the tekecops horizontally and them wing a coelostat mirror or by 
pointing ibe object glass directly to the sum by means of erecting a 
m Ts 1900 tha Smithaeniam Institution used û camera af 135 
inet. fotus, amd ila great length required it to ba arranged horizontally, 
Unfortuzately, the heat of the ғап may warp the plane mirror of the 
enslostat and spoil the Жена. The Flt Һай bean that із recent years, 
when exact definition is desired, it is obtained by n camem painted 
direcily at the sun, For пин ын focal lengths up to about 16 feel 
this may be obtained by mounting on a polar axis, but for greater 
lengths the tower telescope is mecsesuey with the diurnal motion 
ow беги] by a notion of the photographie plate. The Swarthmore 
agiranemers Бата abtaine] exquisite delinzGon with focal lengils of 
£3 amd 00 feet. Equally good definition тау be secured with салпптаа 
of 18 бөн focus mounted en а polar axis, The question is whether it 
is more desirable to photograph on the smaller scale and then enlarge 
four times if ibe greater soale is needed or ta obtain scale without 
enlargement by the greater focal length. Ая for the ёла definition 
ed the large-scale photographs, there i» little to choose between tho 
two Methods. The individual astronomer must decide the problem 
for himmeli, depending on a nomber of factors, ehia! ameng which lš 
the equipment ho owns and the experience be has had, Then be must 
decide whether it is more convenient and cheaper to take from home 
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the somplete polar axis and mounting for the shorter focal length or 
` take the plate holders and the clock mocheniam for moving the plate 
afd then build the tower from materials that may be found Ineally. 

It i» interesting іс note that ni eclipse expeditiona sucome has 
nlways been greater in thé direst photography of the corona than 
in any other bmach ef tha investigations, “Tha self-evident reason 
is that every well-equipped expedition, no matter what ther other 
programs, attempts to photograph the corona and usually with several 
camèras, However, (bere is nnother reason net ва apparent, which 
їз thet perfection of foma and sing, although desirable, are mot 
absolutely quontlal in obtaining successful photographs of coronal 
details, A lask of perfect focus plays haror with spectroscopic 
photographs iat detracts Little from the corenn Tor the resmen that ita 
siructure іа mehulous or пау in detail. Homere, no astronomer will 
be ванае] with anything short ef absolute perfection ін Ube delar- 
mination of the beat focus. 


THE SHAPE ОР THE CORONA 


The gemeral form of the corona сав be predicted in advance of the 
eclipas. Noar таным minimum are found the extended streamers 
along the sun's eqasber and the short plumelikae polar hruba, whareaa 
nar timos of spot maxima the corona is nearly circelur in shape, (us 
resembling à gigante dahlia. Fortunately, pbolographa of all келіге 
expent the small сап be utilized to determine the cominal ipa by ü 
very siziple type of measurement devised by Ladendorff, of Potsdam. 
In the nuihor's Eclipses of the Бап, 1035 edition, page DIG, в chart 
gives all the eclipsa sinen 1801 successfully observed (hut eat. m- 
eluding 1826). Тһе surprising fact is that tho most elongated type 
of corona dos nod iaka placa sxacily аё яшлар minimum, er at 
hase тото of the curve. As the interval from maximum te mazi- 
тїшї às 11 years, it is seen from the chart thot 2 years or more before 
apot minimum the corona із quite as elliptical m» at zero phas, 
The most ргоснзинаы! ellipticity takes place 155 тойға before minimum 
of spolu, and libewies the corona eloest. in shape to n circle takes 
place Lhi years before spot maximum. The recent ecligae of 1052 took 
place 1.2 yeara before spot minima and yet Па shepe placed it at tha 
Ырай point af the curvo. Тін mmeeeedimg eehpss of 1034 was 
only 0.2 years after spol minimum but instead of having a ргашлиасай 
ellipticity the corona had lost Ия minievum type characteristics. 
The 1036 corona 2.4 years after minimam spots, in аһара resembling 
ап irreular five-pointed star, had kat all of ike minimem features. 

the brushes ab ome pol. Although about 1 year nhead of 
tha predieted sped maximum, the corona al 1087 will be mone stany 
аянайат tham that of 10384 and will be the typica] sunspot maximum 
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Although the shapes of the corona at spot-minimum all resemble ` 


each other in having long equatoria] streamers and pronounced polar 
brushes, vet each corona has it» own dutinetive Features with tho 
rowalt that one corena could never be mistaken for another. In the 
алисШАЕ coronas. Corresponding із талт af spota the streamers 
Mock кі apr Por lo ucl Бе "Wa nre, therefore, 
forded tà the comelosinn that changes аго continually goleg on within 
the corona, Beginning imn 1800, attempts here boss mada таргалгайт 
bs mensure these changes, It is evident that the grenter the interval 
of time between the photographs to be compared nt two stations the 
higher will be ike sccaras. А splendid opportunity waa prescnted 
im 1905 when the Lick Observatory eelablished three stationa, each 
wilh a camera of afoot focus, one іп Labrador, опе in Spain, 
опа in Egypt. Unfortunately for the suecess of the scheme, it 
was totally cloudy in Labrador, thera wera thin desde im Spain, 
and, although dear in Egypt, ihe definition of the photographs was 
poor. At the American eclipse of 1918, from 8 comparison of 
Lick amd Баат photographs, it seemed likely that motions of 
the onder of 10 miles por second wore found in the coronal arches over= 
ЇрШ prumizence, However, wt the eclipses of 1020, a comparison 
of photegrapha made in East Africa and Sumatra revealed that, if the 
corona] domes moved af АЙ, Une velocities ware probably not greater 
than 1 mile por second, 

Much таса Ма izformalion regarding сагсны disbarbanca wea ph- 
tained on Hiüuafoou Deland іп 1030, ‘This waa the first. dimes in the 
Богт of eclipses thal ко muih detailed яйлас га waa visihle in the 
spectral limes of the corona, this structure being made possible by the 
Ense definition of the grating gpeetrn taken without allt, А enrparisen 
af all the 1830 spectrograma, but more particularly the Н and F lines, 
reveals ibe interesting fact. had 2 ұраға after aunspol maximum the 
sun was in а conditios of great activity on the day ef the eclipse. 
Tha coronal rings of the spectra ын! the direct photographs taken with 
the 83-10 tower telescope show prominenees completely circling the 
sun. Comparisons were ањо medo with apeetrehaliagramas on 4 
successive days, taken af Mount ҮҮйннэ or Kodaikanal. The 
szperb definition of the eclipse photographs showed both the promi- 
menses amd inner earam im pront beauty. 

A сошрыйма of АН л арада the spectroheliograma with 
tha ezli pas plates both direct and spectrographic, showed that the great 
activity of the sum was found sot only at eclipse time but persisted 
throughout the whole period of 4 days covered by tha plates, Tha 
direct photographs and the eclipse spectza show that the whole south» 
test quadrant was & tremendously startay region on the ғап. Тіс 
center of the longest coronal streamer wid dtuated 207 to the saat. ef 
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the south point of the man. Intertwining the coronal айгоалцага. waa 
a beautiful series of coronal domes connected with an extended promi- 
monge group. Greater heights were attained by another group of 
promünences, at position angie 115°, the location of а comspicuces 
feature called the "striwbérry dome,” with its magnificent arches and 
delicate stroctare of fllamentous detalle, On plate 4, drawings near 
this particular dome are given for comparison; at А from the ЁС and 
На limes of the spectra of the chromosphere, at F three drawings of 
the same region from ihe direct phetoprapha and from the lines 5503 
and 0878 of coroninm, respectively, At oa tho western edge of the 
кап, the dalsia in the gresm coronal lina at 5309 result in forms 
Ther] to the coconut palma that grow ao profesely on TinCan" 


асты many years eclipse obser have called attention t the ев 
Eliam between coronal sbreamers ond prominences. Thin depind- - 
ance was abundantly verified іп 1830, but this eclipsa demosstrates the 
fact that the longest coronal sireansers, on which the shape of the 
corona more or lees depends, ara alwnys lponted near promimenees but 
are nol notary exactly connected with the premimenees which of 
the time of tha eclipsa аго of the greatest height. 


PHOTOGRAPHING THE CORONA OUTBIDE DF АМ EOLIPSE 


In 1882, when в bright comet was seen close io the eclipsed ғап, 
nitempis were storied to photograph the багана. without waite for 
яв өс ий, A disada later, the spectroheliograph was developed, and 
prenunences were гоху photographed im full sunshluo with the 
result that atternpta were renewed on the corona. Іп order that the 
glare of the ванн simosphere be reduced ая mudh ая possible, 
mountain tops like Pike's Peak or Mount Etna were occupied. Кә 

proi whatever balay obtained, a series of attempts were made br 
enfin mamman like boomstam er pbhetealeetris сайн. 
Ench and every ome of the plans, at tines carried out with great akill 
and ingenulty, resulted over wod over again always En the aunse Eain- 
ner—failure io photograph the омова. The measures made by 
Abbot im 1908 and by many others since then have shown the cause 
af the failures, namely, the intrinsic feebleness ef the coronal light. 
Even in На brightest parts, the inner corona is na brighter tham the 
aurface of tha fall meen. The enrona is about equal to the intensity 
of the illuminated sky at 87 or 107 awny from the man's edge. 

In 1950 nnd in later years Lyot of the Mewdon Observatory hes 
had brilliant aû bêza êa. where others had тарал ішінтев. His great 
triumph reealted from the ingenious arrangement of his telescope to 
reduce to ú minimum ibe amount of scattered light inside the instru- 
ment. A mountain obeerralory on the Pie du Midi (0,100 fiat) and 
at times very transparent skies permitted photographs whes the 
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scalbered sky light was less than fire-milblontha thet af the aus. : 
Lyot net only was able to photograph the brighter parta of the inner 
соговь but by the use of a speetrograph he determined the wave 
lengths of many coronal lines including three lines im the infrared not. 
yet obecrved in өсч раа. 


THE LIGHT OF THE OMERA 


Dar kncwledgs regarding the distribvation of light witlin the coronn 
ša in а very шин ал огт state since the law of intensity has been 
found by various observer to be inversely ва the meond. fourth, 
sixth, seventh, eighth, and powers euch ан 2.3 or 2.4, of the distance 
mensured Өег from the center or from tho edge of the sun. Ii ia 
ol great importasce that a well-dovised form of apparatus be соп» 
atracted Тог use nt ес peza, and that photogm pha be secured both in the 
кейек Vn жі дүр sr Nats ppal рил ат асна жага 
eclipses, The eclipse photographs те ы 
imposed on them from a standard source, шей if ін addition photo- 
старын of iba full moon were obtained, we мі than be in к position 
of baring imformatbon additional to that acquired during the progress 
of the echpse, We need іс knew whether the distribution of light 7 
within the corns. fellows the game lew at every eclipse, ог whether 
this law varies according to ihe sunspot period, and we need to know 
the law both ін the blue and the уе лг regions, Many coronas Бача 
beam abaerred thesagh Шелнін or ham sr with varying conditions of 
transparency. The intensity of the silver deposit measured on the 
photographs is a summation of two separate effects, one doe to the 
багана Иж, the other to the diffuse light of tha aky. Added to thean, 
there ін in reality а third effect found close to the moon's limb, i habe 
сай by reflection from ihe glossaide of the plate of the strong 
divination ef the mner serez. Unfortunately, jt ham mob been 
ровайа to make proper allowances Tor these varying factors, with tha 
reall that гта опа are alfected by large уел е orrori 

In considering tha maeasunuenia made for беттін tha total 
light of the cari, there one similar evidences of [arge &ysbern&Lió 
errors depending om transparency conditions nt the time of the eclipse. 
A few timpla may be given te show the wide divergent resulta 
санч! at the samo eclipsa by different methods and of different 
єє на by the sume mealhal amd leairumenia, Harvard Obera- 
tary devieed a photographic photomeder which bes been used since 
the 1925 eclipse, Various trpes of illumination meters are also used 
visually which тап furnish a measar of the total illumination of 
dotena plus diffused sky light. Measures made with the photə- 
graphic photometers at the eclipse of 1825 and 1828 seemed to show 
ike corona #0 percent brighter in 1920 iban іп the усаг previous. 
Vanal work with the illemination meter in 1925 gave 024 fooi- 
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candles as the гені; im 1920, 0.14 footecandles; and in 1929 and 1830, 
0.15 ond 0.38 foot-candles, respectively, the өрнө man 19028 to 
Шай baing commented by Ша atma Епайгилпалн 

Theses mensure mamni] to show that although tha 1028 maroni 
wae 40 percent brighter than that of 1925, the total illumination of 
corona and sky together was dÜ percent Talntar. 

Following the 1032 eclipse, when many measures ware made in ike 
United Siabes, one competens illamimnation expert voiced his opinion 
of attempts to measure the total light of the corona by the use of 
illumination тйсга En the following monta: 1 

There сап ba na objection бо һыуға ع صا صف‎ lbs corma Пи пай эн an а 
езіп ейін dest plabs ал Шай dme сё totality E hs B она of е 
шир of өз dog. "Trouble, тағат, mày агыта whan the тәй of mish 
mereun arg жу рал formar ms іп айта of Че erant cd light which 
ihe garana Ін giving. 

Hana, it ia ovidert that wa must not now talea tes samhkously tha 
altompla to correlate Imiegaity of coronal rediation with swnspat 
activity, Ib seams very highly probable ibat the inner corona a 
swnspet nmaxinvum met be brighter tham at apot-mimimsum. Mare 
rer, ая tha inner corona contributes the greatest pert of the energy 
of the total coronal radiation, we would logically expect thas the total 
жамау staan of epolalegreater than tlnin 1 
өс ан come but seldom али! there are few observations with which 
to derive correlations. Малу astronomer (and other sclontlete ав 
well) have опа to hasty conclusions through the discusion of 
obasrvations affected by large вєс ин! and srpebemmalie errors. 
When we consider the paltry amyant of time devoted to the mesni- 
ment of the light of the corona, we must ені ba їнэ much discouraged 
al the màger and eanflieting resulta sbtainul, 

In spite of all the inconsistencies of the results, observers. through- 
oul the prat 60 years have been іп ngresrneni that the total light of 
the corona із roughly све-ҺаН that of the fell moon. Tt is with к nota 
ef surprise that we reel." the statement by Menzel and Boyes that 
tho latest corona observed, thai of 1980, shone with an llursisation 
of 50 to 100 times that of tho full moon. Wa shall await the detailed 
resulta with great interest. 


POLARIZATION OF THE LIGHT OF THE CORONA 


Folnrizaticn measures musl be the result of в combination of the 
partly polarized light Inam the corona asd the uspolarized light in the 
earth's atmosphere: The measures made of eclipses in the eariy years 
of the present century seemed to show thai the percentage of polar- 
Бал л. in photographic ghi was about three times greateg than in 
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visual Licht, a result quite іш agreement with the assumption that the 
coronal radiation із Rayleigh seatioring from alama or idna. At tha 
eclipse of 1932, however, photographic measures by Dufay and 
Grouiller proved that ibe amount of polarization was entirely imda- 
pendent of ware length and was а maximum of 26 percent in the 
corona &b 107 from the sun's edge. At tha веса бт cclipaa of 1034 
Johnson found a maimam of 23 percent polarization af 57,5 from the 
sun's limb, а ramli [n good agreement with {Һе 1932 oclipes. Evi- 
dently the seattering of Hight im the commnn cannot be caused by 
bee or baga. 
THE SPECTRUM OF THE CORONA 


It may be said thet the corona exhibits three separnte spectrn- 
First, tha aaien spectrum of "coronigm" existing in the inner 
tüpons nnd extendi pa the average bo 5° of 200,000 lem. frem tha 
типы edge; second, the contingons spectrum. (without lines), of the 
middle corona; and third, the Fieankelfor Goes abowing быу in the 
innées horami. 

Is iks Натшой Rowland Tablas (1925) nra given a Іні ef 40 brighi 
lines abtribnbed to iba corona by Campbell and Moore. ҰН ihis st 
of limen mon iban ball, or 22, appear to dake their origin in the high 
chomoaphers, Only 23 embesion lines in the curona are known with 
neriaimty Ab the Following wave lengths: 3328, 555798, 3454.13, 
2600,07, PHOT, 3800,77, 2390.53, 4080,20, 4251,4, 4311, 4850, 4547, 
4586, 5116.0, 5302.00, 5526, 6574.30, 6701,5, 7059.6, 7801,0, 8024.2, 
107488, amd 1075.0. Other faint nes ans suspected but not yet 
телей. “The green lina of 8505 (discovered in 1559) вий the ultra- 
Filet lina af 1388 һата the greatest a 

In comparing the green and red coronal ringe кїйїтї іп 19101 ax 
spectra taken with grating and withoat allt, it was surprising фо find 
how little they resembled ав В sthar im thelr atroctural delall of 
greatest. strength and how little either resembled the high-leve] Шаға 
E and Ha of the chromoepher. Ti vna further fours that the rdis 
tien of 6374 alae анан close із the aun'a вара and m more єє. 
coated авд more uniform in distribution than 5307, It is evident, 
therefore, that these two lines cammot take their origin in the same 
аз, ar at east nat En the sima sbam іп the sıma state af ан га ап. 

In order to determine the aiemic origin ed “ететіне, ыта) 
suthorities have grouped corczal lines together depending on the sim- 
Танаа іп appearances or disfributlom of light. in the spectral lines. 
Ав the radiation of 5300 is very unevenly distributed around the sun, 
1t la evident that spectra taken with ali will ba badly handienppad in 
detecting timilar structural details, especially when in many of the 
coronal spectra. the definition is none too good. The only groups to 
which most suthors agree аго 5303 and 3388 put together, the strongest 
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linea of the epoctra, and 4056 with 3501. Ая stated above, 5303 acd 
вата сап be placed in the same group. 

Without an eclipse Пе found that the green asl гай lista and 
ales 0702 have widths of about an amgstrom. Ны wave lengths come 
bined wish ¿ha best valaa from eclipses are the values given ат, 
Ни wave length for ihe red line, however, differs by 0.2 angetrom 
from the best eclipse value which gives further evidence of the fact 
that better wave lengiks of the coronal lines nre urgently desired. 

With the great advance made іш recent years in atomic structure, 
there һата been many attempts to find the origin of the mysterious 
coronium. The general eomaensus of well-informed opinion seems to 
be that although neutral oxygen may eventually bo found to be ooo 
af the chief conativursta of coronium, at present that fact за far from 
being proved, In brief, mone of tha scientific gutted made up to 
date have been verified by obaerrütiomal evidenza. 


SPECTRUM OF THE MIDDLE AND OUTER COEDNA 


In addition to the bright line spectrum caused by the hypothetical 
element "csronlum," the corona shows the солтан apertum in 
the inner corona and dark lines іш the middle and cster corona. In 
1928, with three spectrographs, Grotrian obtained spectra of the 
corona which were compared with the solar spectrum taken with the 
game inatrumonia bot weakened by known amounts. Measurements 
of intensities give the following interesting тегів: (1) The position 
of energy maximum іп the coronal epectram is independent of the 
bedgha in the corona and ngrees exactly with the energy maximum in 
the solar epectram: (2) within the arrora of measurement, the diatriba- 
tion of energy in tho coronal spectrum is independent of height in the 
corona and im identical with the intensity of mediation im the solar 

m. After many years а! uncertainty авд conflicting evidence, 
are at leat seam to have the sitive information thet the color af the 
enan is idantical with that of the sun, or in oihar words, the corona 
derives its redistion [rom scattered manlight. 

Tn tka romarkably clear sky at the Australinn eclipio of 1922, Moore 
seemed to prove quite comcbosively that the Fruunbofer linea in the 
middle and outer corona have their origin in the corona Ше and nre 
net caused by manlüght seattered іп the earth's atmosphere. Ву 
means of a registering photometer, Grotrian aura the widths of 
the stronger Frounhofer lines in the coronal spectrum of 1923. Thea 
widths were compared with those of the anar spectrum taken by tho 
залаа spectrograph but weakened by kwa amounts. In every саво 
ibe widths of coronal lines were compared with the widths ef both 
stronger and weaker solar speetrü, Heretofore, nearly all observens 
have been in agreement that the coronal lines looked both widar and 
loss distinc? than similar lines in the sun, (n the contrary, thé photem- 
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aber гаёагатаа make clear that the dark lines in the coronal spectrum 
ага certainly mèch leas distinct through lack of contrast than in the 
solar spectrum amd, moreover, the dark lines ere more prorsimest in 
dhe ouder corona than in the innar, hut nevertheless the widths of the 
coronal lines are the anre st all distances out from the sun's surface, 
and within amors of moueat are Reta} in аны wih ths 

' Бом im the solar spectrum. From s mansur 
ровер aa en 1932 spectra, Moore confines Cirotrisn's 
measures of the 1923 яросїгй, 


WHAT ES THÉ MONAT 


According ta Hamaland, the serena hes "stipulated speeglntion to 
the hrenkang point, it being even suggested that thora we witness our 
recognized physical laws set at naught by nature Нее." It is evident 
Шай the сална of the coronal radiation cannot ba бешта im tha emission 
gpeetrum of corunium which extends по more than 5^ from the sun's 
edge, As the coronal streamers bavo been detected to distances 200 
times grenter, dhe explanation for tha mysterious light of the corona 
mist be found in the radiation esusing the continmous spectrum of the 
inner coroza and the dark-lina spectrum at greater distances from the 
sun. ‘The spectra taken in 1923 showed Fraunhofer lines on the Ince 
ef tha dark moon. (m tho wm pit thet these wer emased by 
coronal light scattered diher in the earth's atmosphere or in the 
Bpecirograph, Grairia wea able te apply corrections bo the measured 
intensities of the dark Шым in the coronal spectrum. ‘Thess corrected 
intensities show that menr the sun's edge the continuus spectrum is 
much stronger iban the Frwunbeder spectrum so that mo limes are 
visible, owing to leek of content, in the inner carena, Шинэ no dowht 
dark lings may be ther. At increasing distances from the aum'a 
edge outward, the iniensity of ihe сална spectrum falls ой more 
rapidly than tha dark-line &peetrum, — At an angular distance of 107.5 
on the est side and 147,8 on the west side, or of an average of ona 
solar radius, tho intensities of the comtinsous amd the Fraunkofor 
Epectrü ага equal AE inereasingr distances [ros the sum кигізге, tha 
dark lines becoene gradually more readily vielble owing to increases] 
nist on account ef the diminished intensity of the continmous 

irum. 

Spectra taken at many eclipses during totality have shown tha J 
and Л Eni amd the stronger hydrogen Hnos in great intensity, even 
across the fied of the dark moon. Thes spectral Шин take their 
тшш іп light from the high chromosphere scattered by the earth's 
aimosphore, particularly near the beginning and ending of totality, 
It, therefore, may be quite unsafe to assume that the lines of the apec- 
trum on the face of the moon in 1023 ware actually салад by scattered 
ght emamaling from the eorona rather ihan from sunlight reflected 


by nearby clouds in the carth’s atmosphere, This, however, is à mere 
detail em в fine plece of work by Grotrinn, and it is evident that the 
пьеавагеа must be repeated at [utere eclipses when, it ін to ba Борей, 
the аку will be clear from passing сізенін ай base. 

As в result of many different theories, it la now generally reeognired 
thet the electron most play an important role in explaining the 
radiation of the corns, If che coninueus spectrum B caused by 
free elecirona which seatter the solar radiation, it is found that at n 
temperatbsre of 4,000" K., the sverige thermal velocity of the electron 
woud came а Doppler effect of the order of 10 amgstroma. Aa а 
redit, all of the Frounboler lines would be wiped cut with the excep- 
tiom of the broad wings of the H and F lines. 

Electron scattering, therefore, furnishes an adequate explanation 
of the nbesnes of dark Wines im the spectrum of the inner corona and 
ales is in conformity with the [aet that there ia no difference in color 
between the corona and sunlight, as was found at the 1032 eclipse. 

But how are the dark nea in the outer corona te be explained? 
TË the eletron is to be the agent, then it is пбовкагр to find some 
process whereby the random velocities of the electrons may be slowed 
down io such am extent that dhe Doppler effects will not cbsterate 
the Fraunhofer lines. It ia seareely possible te msumò ë Lempera- 
ture in the middle corona bees than 2,0067 Е. which would cause û 
Doppler effect of about 7 &ngsroms, We might, H we please, 
assume acre (ав yet) unknown informed from positrona, ar that the 
sums magnetic Bald, ar вота oiber unknown source, might gradually 
slow up the electron velocities nt distances of 107 from the sun's 
surface. Ti, indeed, thers were a gradual slowing up of the electrons, 
this would сана the Freanhedor lines to be broader in the inner 
coronas and sharper іш the outer corona, which ja not En neeord with iha 
facts. 

Under the assumption that the light of the сотой ів cussed by the 
auperpesitinm of а eontinucas spectrum over а dark-Hine spectrum, 
it is mecessary to охидийн that electrons are present everywhere 
througheat the corona. Ав пиа and ions аға present in the inner- 
mot сағына causing the briht-üna spectrum of coronium, 16 Баз 
been thought by many that ionized atoms must be the cause of the 
dark lines in the epectrum of the outer corona. Tf atama were pres- 
ent in appreciable numbers, their existence wool causé a Tayieigh 
mentterinpg and а distribution of intensity in the coronal radiation 
different froma that of tbe eum—whieh agoia ін mot Їл accord with the 
facts. 

То explain tha dark lines of the outer corona uad with mo change 
im color, Grotrian is forced to sssume that the mechanism must ba 
olid particles with diameters greater than three times the wave 
ength of light. Casa te the sum ай solid particles would by imme- 
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diately vaperized but at greater distances there would be om increas- 
ing number of solid particles: in fact, in the то алд! Ї 14 we Бата 
Independent evidence of the axistanca of och material in interplane- 
tary space, According іс this hypothesis, within one radius of the 
иш! ашаб the electron із the scattering mechanism bot fariber 
out the interplanetary dust cloud does moat of the scattering. Ш 
the dust cloud moves with the sun, then any detalla of coronal struc- 
Бага in tha сағ савны would pûlê for long periods without 
changes, Fer the long streamers which are prominent feature of 
nearly every coroma amd which umquestionahly change slowly with 
time, the dust clood explanation is unsatislactory. "When : 
progresse sil further ond wa learn more about the physical lawa 
that govern matter under solar conditions, then we may be able ta 
find an explanation of the dark Enes in the coronal spectrum thai із 
ticepler than the варыш of асанд of the son's light by 
interplanetary dust. 

Manifest, for future progress we їнэн! more шыі better spectra of 
the dark lines sn the coronal apectrunm taken under clear skies devoid 
of water vapor in onder to be more certain that tha Fraunhofer lines 
аге actually coronal in origin and do not come trom sunlight scattered 
im the earth's atmosphere. We need mare and badder spectra of lange 
dispersion in order to derive more accargte ware lengths of the bright- 
ling spectrum by whieh to find the origin ef coronimm and to measure 
ef tha corona with good definition and adequate dispersion. In the 
future (hoe spectra mast be measured photometrically to яв great 
distances ав possible from the sun's surface in at least two directions, 
ai the sun's eqeator amd palma, Ман на to say, the 
should cover as great а Tange in wave length ša possible. More 
information із ugently needed concerning ihe degree of polarisation 
ie eee LE MEM Rum Ma NE m sem: 
outside an selipan, iè is nod Иш to predict that coronal observations 
in the future as in the past will have to depend alnscat exclusively on 
the fow precious momenta of total eclipses which afford an average of 
1 minute per year fer accamelating observationes. 


THE FLASH SPECTRUM 


Ever since it wes first observed in 1870, the spectrum of the chrozio- 
spectre continess to be опо of the most important problems taken up 
for investigation ai tach succeeding eclipse. In spite of the enormous 
advances in instrumenta] equipment and technique, which in other 
branches of astronomy bes appeared to acccenplish алпы the irapos- 
sible, there am remarkably few good Photographa of the flash spectrum. 
In faet, tà check alf on one's fingers ibe really first-class photographs 
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taken by different observers at all the eclipses шіп tha past 40 yeara, 
both hands would be unnecessary. The arch enemy ef the eclipas 
satronamar, tlondy weather, hos foiled many attempts, yet those ibat 
cecaped the clouds have not obtained perfect reulta through poor 
focus or poor ава or from inaccurate timing of the expostires. 

At а total solar eclipse, the flash spectrum may be observed at the 
begirmlsgs алий at the end of totality, either with or without alit, and 
by the көсе prisms or grating. IP without alit, the individual Enea in 
thé spéctruz are n series of arca of чагын intensities and of different 
lengths depending ба tha beighta to which thea solar gases primed 
abowe the sun's warface, The photographic plate may bò fad far 
each exposure or it may bo moved gradually by an arrangement first 
tried out succesfully by Campbell in 1905. A reristion of the fixed 
plate is the “jumping film” sucessfully tried in 1023 by the Lick 
expedition, The principle іл the same as with the movie camem, the 
film being moved between exposures mode on а zl Яша. The 
eaan ièa] differences nre that the cantera ба а epectrograph, the filma 
аге mach langer im sims than the standard 35-mm variety and he 
exposures ard time for changing flim шау be each about X second іп 
Шилийн 


The fixed plate requires very exact timing of the ахровагоа іп order 
to obtain imprints from the most important layers of the éliromcapbere, 
thoss of lowest level. ‘The moving plate or the jumping film tarts 
the exposures a half minute or mere baleen the beginning of totality in 
order to catch the first fash во that the himin element is partly 
tliminated, Бий of the three methods hes both ks own реешаг 
ndvant&ge шіні at the same time Ия cwn dissdvaniages Without 
here poing into details, itis evident that on account of the very great 
diticulty of obteining successful photographs of the chromospheric 
spectra already albided to, it will bs wise ba utilize more than ome 
type af ап eclipse. 

Astronomers do not go on an expedition merely to sea the phenom 
anon and enjoy tha евли of the corona. Frequently the isiross- 
шиг ів in n dark room making expowares or he Бал moeh a large ртертаға 
io carry through that be can obtain merely à passing glimpen of the 
corona. Expediibons аға to sesure phatesrapha which nro mearared 
und studied xt hams far distant from the few thrilling and excited 
momenta of the total eclipse. In the year 1503 in Spain, the anther 
obtained with an exposure of 3 seconds а photograph of the flash 
specirum on whieh be has apent considerably more than 5 years of 

Such а photograph ін used іс supplement researches being carried 
out daily om the mun without om eclipse by the mae of a powerful 
арингаргар! seh as is atleched la the 160-feot Mount Wiesn tower 

24—81 
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бакор. From sath lima of the flash spectrum information is 
obtalnad in threo separate and distieet directions: 1, ware langiha; 
2, intensities; and 9, belgie. 

With the href exposures available at eclipse time it la only passible 

бо eme ú dispersion much smaller than that employed in daily solar 
work, with the result that the accuracy of wave-length determinations 
da not suiielently bigh to ascertain erstemnatic differences between 
аа ив тата [апа nnd these taken under ordinary solar conditions, 
Aooordingly, ehiromoepherio wave lengths сал serve po other parposo 
Шал the identification of the lines from сараралтааца with Icwland'a 
Tables in order to determine the gaseous element whence the apectral 
lisas originate, 
The шон characteristic diforemneos between the ehropsosphorio and 
the ordinary водат арынғияа ба found in iha relative intensitisa af tha 
lines. In the eclipse spectra the heliam lines, meluding D, Шәбіргетін! 
im 1553, are of great sirength, whereas in the Freunholer spectrum 
they are entirely mixing. In the eclipse spectra the hydrogen Шаға 
are of great pronsinance, amd 52 lines of the Balmer воін have been 
ülscrved, wheresa in the Fraunbafer spectrum only 4 hydrogen linea 
am observed. Compared side by side, the spectra on plata 7 seem 
te belong to нінен ed two different type ruther then ta the same object 
under differnet conditions. 

А glance at the chromospheric spectra taken without slit shows that 
the strongest lines are of the greatest lengths on the photograph and 
Ініге the vapor extend to the greatest. heighta above the sum'a wor. 
ince, The heights trom eclipes spectra in the capable banda of Saba 
previded him with зарнаа а anfarnsalscn from which be was able 
to derive temperature and prenne conditions im the solar i lît pêd. 
The theory of ionization developed a decade and n hal! ago aa a result 
of Һр from eclipsa spectra haa fairly revolutlonized the science 
of nstrophywies. Зава theory has furnished an explanation of tha 
салага of the dilferenees in [ntenaities of lines in spectra of stars of 
diferent types, hea given a mans of deriving the temperatures of 
the stara and has given measures of the distances of the stars by 
Starting out with Saba's theory, new information gleaned abot the 
wtrueture of the atom has revolutionized the method of attacking 
toler problema. Practically all the promisent linea in the apartrum 
of the sum hare been amagned to multiplet groupe with Кени excita 
tion potemtisla measured in electron-volle, dhe arbitrary intensity 
scale of Howland bas bean айны Шая to ealibration testa which have 
revealed thot the intensities depend on the number of atoma engaged 
fa dbe formation ef the spectral lines, From the weakest Fs lines 
perceptible in the solar spectra to the strongest, the number of atoms 
involved Increase about 1,000,000 times. 
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А person having po knowledge of the theory underlying multipled 
groups would not advance vary far in the practical operation af corre 
lating helghts im the ehronwaphers with intensities alther in sun oF 

aro before the fact would be forced upan his Attention ibat 
generally tbe lines of greatest шинийн reach the greatest мірін, and 
meansorer the intensities and heights for amy element are greslest for 
the moultiplets of lowest axtitation potential, ‘The heat element for a 
study of ibose correlations is newiral iron. This element Bas been 
nssidisnaly oheerréed in the laboratory and very exact ware lengtha 
are known. Fe is very rich im linea which have been grouped ints 
multiplets with a wide range of excitation potentials. 

From a study of 1,222 Fe lines in the flash apectrem the following 
fncim were noted: (1) The strongest lines іп the san belong to the 
miultiptess of lowest excitation potential: (2) with inereass of бхєї ап 
potentia], the nsaximum intensity af lines іп the Eaultipleta steadily 
decreases; (3) for multiplets af any given excitation potential, there is 
а chen correlation between intensities and ЕН: (4) Toz any given 
Rowland intensity, such ва 6, the heights dimini ва the excitation 
potentials are increased. Thera аға many important consequences 
of Шева correlations, 

Fascinating говийн on sumspots were &nmeunemi by Evershad in 
1909. With the slit of his spectrograph placed across tho spo, ha 
foumi that thn wava langiha in the posumbra of the spota sere differ. 
өші from the values at ibe canter of the sum. Ты Од лаашагла 
whith affected practically ай Шаа wore not constant but differed in 
amount depending om the intensities of the Шаға investigated, the 
Shift being greater for the weaker than for tha stronger Eines. Ever- 
Fhed's reeults were abundantly confirmed at Mount Wilson with the 
result thet conchesons are drwen that the displacements in ware 
length are а Doppler effect caused by the satual flow of the solar gasoa 
eut of Ше spots at levels close to the sum'a surface and ¿nie the spot 
vortex ai higher levels Tha heights from the flash apectinem furnish 
the explamation. Aa shown by St. John, tha layers closest to the 
sun's surface have a motion of translation out of the spot at tha тайа 
ef 2 kilonseters per second. Thi motion becomes kas and loss ін 
amount at greai amd greater heights, Ad а certeln level the gut- 
ward motion ceases, while abore this level the mation of trünalation 
is into the ерек with increasing speeds at greater and greater heights 
Above the photosphere. At the maximum heights reached by lines of 
the ehromesphere, 14,000 kma by Н and A of ionized Cu, thers ix a 
mmoreznient of the calcium vapor into the spot at the иргей of 3.8 kilo. 
пәніне par second carrespondimg to & displacement of 0,063 angstroms. 

The Everahed effect ahowm that Шыға шя а circulation of guseous 
material in the neighborhood of sunepots. Other lines of research 


164 ANNUAL REPORT ЕМТТННОКГАМ INSTITUTION, шет 


show that civulation із going ов all over the sun. These motions 
comm Doppler shifts which affect exacb ware lengths, In what 
follows soma consequences will be noted, partbeslarly ns they are 
correlated with intensities and beigh la determined from eclipse spectra. 


THE FRIXCIPLE OF RELATIVITY 


Einaiin's theory of gravitation has been justly regarded па tho 
greatest triumph of mathematical reasoning since the time of Newton. 
Tt m Байр te suy that mo senile nchievemant of recent years haa 
aroused во mech popalar interest and enthusissp ав that avoked by 
iba verifention of the Einstein prediction by the 1919 total eclipse, 
In addition to the shift in star light by the gravitational pull of tha 
gun amounting ie 177,72 жі the sun's edge, the principle of relativity 
has two sher consequences sbown by: (1) The motion of perihelion 
of ibe planet Mercury; and 12) the red shift of lines in the solar 
apectrum. Wo shall бізі take up the shift to longer wave lengths, 

The Alleghany Observatory іп cooperation with the Bureau of 
Biandards bas determined laboratory wave lengths of the highest 
йертеп of reliability, ‘The method of obtaining the photographs waa 
br a powerful ргийн epectregraph «md interferometer, the wave 
lengths having ва aoturacy ef 1 part in $000,000, For many reasons 
the resulta for neutral iroz are more exact than for шау af the alimenta. 
Wore lengths in the laboratory rodueed te the conditions of vacuum 
pressure аль referred to na "vnegum arc." Difforences in wave length 
between the sum and the vacuum аго, after tho greatest care is exer- 
eed to get all weve lon La the one standard ayatam, are given 
іп ibs following table. tha differences, жап min vacuum 
are, are Fubtracted the predicted relativity shift amounting to 
23x ИГ ХХ where Хн the wore length in angatrome 


"Тања Liria aif! in Шы жыл 
















TR ge 


== 





A 
B 


ФИНАН. BOLTS IEXPEDITIOXS-—MITCHELL 165 


Tha table takes account of all the Fe lines in welledefized mul. 
бірісі. Altogether а total of 48 multiplets involving 209 lines wore 
discussed, the material being divided into 3 авнаа, along, medium, 
ned weak moltiplets. Їл each cesse аға рітба the mumbar of Enes 
involved, the height im kilometers from the flash spectrum and Ax 
(im units of 0.001. angstroms), which is the equivalent to the difference 
апып mine vueuwum ате from which hes been auhéracted in sack cass 
the relativity ahift. 

From the abundant material thet wend inte the diabla, tb is evident 
that in addition to the relativity shift to the red, corresponding in 
tha toble to Axe, there nre other effects present. Гог the strong 
lines, these of small excitation potentinis and greater heights, iho 
тайпа ef AX їй pêî kire while for the week lines, those of higher excsta- 
thon polentinls and hamar рыба, the тания of AX are eexentially 
negative. Tho systematic differences between strong und weak linen 
ін meat readily explained aa a Doppler shift caused by в. circulation 
of vapor kn the gun atmosphere, On sovint of the higher tam- 
peratures &nd higher pressures near ibo photosphers, ibo solar activity 
caussa the Fe atoms bo smeend through the medium of tChausawnda af 
work linea ef high excitstion potential, tha maxinvum velodéy of 
nenê found for Fe being 0:2 km per second. ‘The heights to which 
theses atoms are ejected аге much greater than can be measured by 
"һа links in tha fih speeltrum. Im the upper riches of the ihrom- 
Ерїїйга, saperinlly whore the pressures nre minute, gomo of tha atoma 
lowe an external electron and become lonized. 

From the lew of тайлга thet “whatever gosa up must cemo down," 
the Fe stom descend from the maximum Бена, “Im their deat 
somo of the ionized atoms gain az external electron and again become 
neutral. According to this interpretation, in ú direct photograph of 
the won shearing iis көзі Л surface the афо macendüng from da 
aun exhibit themselves over the small bright granules and the dtacend- 
ing nioms over the lange dark interspaces, tho eblacrved effect being 
ша integrated one. 

Ал nn Ellostration of tho correlations found to exist. between diferent 
solar values, there are given in бајаг form the quantities involved 
in the dozen lines of a composite ша! ра of Fe. More thin 100 
times ая miny atoms өле active in prodoeimg the strongest Ena at 
$820.4 as go to form е weakest опо в 3040 А. The relativity shift 
эппин. de 0.0051 А. Hence, within a single ovelliplet the heights 
found direotly from the flash epectrum, or indirectly from the Exarshed 
effect in sunspoia, are nob constant bot aro the greatent im size for 
thoes lines which involve the largest nuanber of atama, 
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RELATIVE DISTRIBUTION AND ARUNDANCE OF ELEMENTS ІК 
THE LOWER СННОМОВРНЕБЕ 


By combining the heights to which the various lines in & multiplet 
are пімегтізі in the flash spectrum with the multiplet intensity for- 
tulad, it bas been posible to derive for masy «Магийн the deesity 
üistribeatinn in tha lower chromosphere. This seeme $0 ий ийн that 
шин 0066 and nob selectivo radiation pressure is responsible for 
keeping the elomenia so well mized. From tho Dosh spectrum iho 
miaire abundance of various elementa was determimed and tho 
гуза from the chromosphere were companel with those from the 

versing layer, stellar atmospheres, earth's crust, and stony meteor. 
ia. It ia inferred that within Фета of observation the второ 
of all samples ага alike, with the exception that hydrogen ia conspiea- 
emay doficient in the earth's creat and in meteorites and is probably 
more abundant in ibe chromosphere than іп the reversing layer. 
Il seams: dies іе bo canciude ihat there Ba n mired diemor of the 
heavier elements іп the chromosphers. 


RELATIVITY SHIFT OF STAR TAGES 


At iha 1028 alipes, the Potsdam pariy using two different cameras 
found the Einstein de&eetion reduced із tha шап edge to be 2704: 
0110, & гахайг which differed radically from the Lick deflection 176 
0706 at the 1022 eclipse, or {гоша the theoretical value of 1772. Un- 
Баг nga M MINER MA BODEN ch a en the 

psa plains were extremely unsymmetsicolly placed. А atraight 
ling pissi threwgh dhe confer of the oun found 17 stars om one sida 
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and n single star on the other da of ibè limê. As û eonsequenea, tho 
light dallectiona to be determined depend to a high degree on the plate 
constanis used im the reductions. If, by касата af least вагон, aha 
senla correction is dotermined at the gama time ы the other constants 
of the plate from the star observations themeclres, that is, by follow 
ing the procedure adopted in 1919 and 1922, the 1929 plates give & 
defection of 17754-0718. Taking tha valusa of all eclipses 
nx solve] by least squares, the observed тана of the relativity «в. 
flection is 1*79 O. 

"The differences between the varius reductions of the 1920 eclipse 
show the underlying diffimuliy of the whole problems, namely, the 

practical impossibility of adequately aeparating tha scale of the plates 
ba the atar deflections. Tt, Шилчогб, аррғаға erulant that work on 
relativity disnlasamenta must ba repeated at future ба ва by prit- 
theta which will insure à Таг greater &ccuraey than bas been witnined 
in Eds pest, Such à neomumendation is quite obvicus—but unfor- 
‘tunately it wil bë quite impossible £a put ibis mesorsmendaLes into 
Cert шї any time within Ша пөні two decode on алнып of the 
poverty of абага in зе fields, 

Мон пяйтошнишёга жені phyachla are now saiisfied that the thoorr 
of relativity has га verified by observations mide in three diferent 
Пепа of investigation: (11 The motion of the peribrison of Mercury; 
(2) the red shifts of fines in the solar apectram: and (3) deflestlana on 
selipaa photographs, Im addition, Adama hea masaured п vary Larga 
relativity shift in the evatem of Sirius, and ‘Trampler hes measured 
rod shifts in stars of Q irpo Many new and interesting facts com- 
әш this dheerg will be aceumulated in the next quarter of a 
century of progress before thero i» nother ес ни with n satisfac 
tory distribution of brighi stars that will permit another thorough 
teat of the relativity displacement, 
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CHANGES IN THE LENGTH ОР THE DAY 


Ну Entert W. Найт 
З нча у 


Eren to the prolessiozal astronomer И. comes playa ая а shock 
when he firs£ learns that the moon must be repurded ая cur ultimata 
exnatznsamare of time. Fin ig ко nceustonicd bo the appureni Titiris 
of На motion, to seeing it all over the sky and to being bothered br 
ita presence that st is difGeult to realize Ehe exseiness with which every 
detail of its motion can be followed. On the other hand, the stam 
fellow & regular aed nearly uniform mation des to the mislin of 
the earth, mo that the latter балта to ha the natura] atasdard. Ha 
knows, of course, that the length of tbe day ін very Монг incising 
because the friction caused by the tides із slowing down the rotating 
earth, bat he keswa thet ita nmevunt ін very small nnd suppose thet 
it ін known. 

However, cur оБаагтал 00101 knowledge of thia gradual inereaze in 
the length of the day comes chiefly from the moon, because it dependa 
almost. entirely on the stedy of encient eclipses of the sum by the 
moog. The place of сосшгопо of these eclipses is not the sumo as 
calculation shows 18: shold ba of the revolving баг ч had maintained 
its rate. ‘The earth mores ва fast on Ий аха that if the moon is not 
at the appointed place a£ the given moment tho carth cun slip round 
an appreciable amount before the meeting with the sun otsam, вэ 
that a inial obecoration occurs cdeewhere thes іп the place р 
dicted. Tha same thing occurs И the earth has been going round 
more slowly than the calculated тана. 

Several workers hove examined these old records. Tha question 
№ not қ simple one, гБінду becwose the historiana who wrote thea 
were пай apiri іп elwerring the phenomena or in gathering tha 
particular Ешй of оттай that ік needed hy the estremomor. 
We have to judge from the details which may be given that the all- 
important question whether ibe eclipen was seen ай total or partial 
la properly answered. The імені and, I think, the bast of all these 
investigations was made by Пт. 4, E. Fotheringbam, of Oxford, 
England, who did recently. De. Foiheringham wos в notable 
classical dahalar who knew the languages in which the побоя were 
originally written and the habit of thought and expression of the man 
who wrote thom, and so was nble to appraina with some degree of 

18 
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certainty the mal meanings of the phrases which they weed. Ha 
ты in the astronembeal side of the reconds and took 
the tranble to learn how to deal with them according ta the beat 
canons of the astronomer, He became thoroughly expert іп this 
part of the work, and the combination of knowledge and judgment 
which he gave ta it haa peuduced excellent resulta. 

Some years ago Prof. (3. Г. Tayler added to our stock of information 
by showing that the гезде part of thé friction camo from the tides 
іп shallaw seis. Не callus that the Irish Sen alone producod 
на! өв Ин of the necessary amount. A little later От. Jeffroys 
mado в asadar eurvoy of the whole earth. He found, thengh his 
culeulations were necessarily rather rough because only rough data 
were available, that the total amount was about the same as that: 
gives: by observation. “(hoa interwting fect emerged, namely, that 
the Bering Bas contributed the greater part of it. Had botter data 
for that etreteb been available he would have інен able to make Біз 
calculatioga шесі more exactly. | 

This result of Jeffrey maiaa а point whieh is sometimes forgotten, 
namely, that the present figure for the ameunt of tha friction, and 
consequently for the showing down of the earth, may have mo great 
degrea of pormanemee. The southern boundary of tha Bering Sea ва 
a highly roleanic region im which changes are continually taking placo, 
It requires no great stretch of the imagination to suppose thas in the 
course of a few thousand years the depth of thin sea and ita boundary 
may materially change and thet. in ooneequence, changes will occur in 
the amount of the friction, “Thus caution is needed when we usa the 
pres [гиа for arguments concerning the past amd future history 
of the aurth-moes epeters—a question T shall deal with briefly below. 

The amount of ibis gradual change із Tory &nall—the day ін longer 
nom br less thes one thousandth of а second thas 18 wee а contury 
ago. The error of the clock ineroasts moch faster—án fact, aa the 
mquare of the elapsed time. If the clock Каев 1 second in п century 
it will kes 109 seconds in 10 centuries, and in 109 seconds the carth, 
ка ibs ган Їл sanib or south latitudes, фитпа a good many miles. 
This iz why the place of ап алаад al eclipses ік өз mınê îyê to small 
changes in the langth of the day. 

Of ти more ваім importance is the change in the moans 
motion. Ая the earth ін losing energy, the moon, which ін responsible 
for the greater part of the change becauee of the [act that it ša tho 
ehief tide тарг, crust be gaining energy. This makee it move around 
the earth more abel, and sends it fortker xway from ын, If this 
went on indefinitely the moon would loave us. Brot it is calculated 
that when the month ia about twin ва long аж кі the present time 14 
will stop receding, What will happen afterward ia largely à matter 
of speculation. 
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- ‘Mich more startling are changes which seem to be irregular and 
which take place im а much shorter dime, Our knowledge of them 
arose orginally from a discsvery by Simon Newcomb thuat there was 
an apparent oscillation in the motion of the moon which wea mot 
mosvanted for by theory. I have said above thet tha theory of the 
mation of tha moon ін tha meat тылға анон thoss of all karê 
notnical bodies. But this Бая been achieved only at the cost of great 
labor. Starting with Issac Newton who formulated the laws of motion 
али! таза бана from whieh the негр ia developed, a biat of workers 
have toiled to improve li—Euler, Laplace, Hansa, Delaunay, Maw- 
comb, and G. W. Fill, to mention only n few of the mosi famous great 
mathematicians and preat aetronomers who have added soeoeeively 
to it. Finally, tbe writer, building on the work of his predecessors 

ii) cspecialTy om that of G. W. Hil, gave the results of a caleslation 
which, Ш гей frorn mistaken, had an secrecy at least comparabla with 
that of observation. "Гын lsat work had to be done by old-fashioned 
кп їнийн rince machines wer gol (bin avilable nad the human factor 
entered largely. То make assurunce doubly sure, the work is being 
repeated ишний wholly by machinery во that НИЙ doubt will тєг 
ав to Ше топтасу of the resulta. 

АА the time of Noweonah's discovery, bowerer, tha best thoary was 
that of Hansen, and it wee by ro meina certain that some important 
irm had mot been omitted which could úcecami for the deviation. 
The completion of the writer's theory showed that sieh a solution 
of the difficulty was highly improbahla eines the deviation wan mack 
larger than апу proboble mistake in the theory. 

The question of thn source of the devintion wns reopened by Innes, 
whe, in examining: the deviations of the planet Mereary, found char. 
Bêlê ica which with some stretching of the imagination could be 
compared with those given by the moon. But the observational 
талек] was ioo poor io carry conviction, However, И suppealed te 
the writer the thenpht thet perhaps another body, the кїп, might 
show changea more certainty than Mercury, The sum moves auch 
more slowly around the earth than Morewry does around the sun ard 
55 that acum іл а meh poorer Бол ар baly. Oe the other hind, 
it hne been continnoezly and carefully observed at every fine noon 
for 170 yours amd perhaps the mass of observnixas could make up 
for the alor motion, 

Tho materin! wia gathered amd the curves of deviations [roa ita 
theoretical orbit drawn, and it was muuvediately seen that the ques- 
ion had bean кейуіші--ііе deviation was met bn the motion of the 
moon but im our mensure of time. Newcomb інші suggested this ая а 
possibility, ага Innes had adopted it to axplain his deviations. 

I mist go into some further Авай im order to show what the 
evidence іа worth. Noweomb bad represented the deviations of the 
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тәбет on a scale which was wide bortmonially and narrow vertically. 
In өгдөг to get the material on a amallar plosa of paper, I altered tha 
Бегізселіні salê во that the horizontal scale for a century was about 
the same ая the vertical. A peculiar feature appeared, Tha curve 
was not like an ordinary sine еште, which haa flat tops and bottoms 
and which is charscteristia of motions produced by continuous forces. 
Tt had sharp pointed tops and bottoms and was much more like a 
көгіне of intersecting straight lines than a сон шар changing curve. 
In other words the changes ihat took place were comparatively sudden 
and then stopped, нь if am occasional blow bad been given. 

T had three of these sodden changes which were lanpe: One about 
1790, which, however, might have beam gradunl, ns the observations 
are nob very кесіле; one about 1887: amid a third about 1817. Since 
the last ona there bas been ne farther large change. The leat change 
disposes of Newcomb's sime curva—it will not fit at all, When tha 
sum curve wes compared, it аны! the алан features as the moon 
curve and in particular the three sudden changes of direction nt the 
sume mes ‘There could then hardly be any doubt alot the source 
of tha deviations. 

Other workers have added informative evidence from the planata 
Venus and Mars DeSitter gathered all the avidence from vnrpzas 
sources including sassa feum the other &atellites алд in gemernl showed 
that the result. waa correct, ee ee ca 
аж bappens іп pioneer ecientiie work. Although the changes in 
rale shows by all tha bodies occurred ҺЕ the sume балаа, tha amounts of 
the changes shows by tha sun end рінген were less than these shown 
by the moon in the ratio 1.28: 1. Deitter estimated the probable 
error of this factor do be 2.08 so that it is probably real and not à 
mem effect of imaeeurate oheervations, This factor, if real, indicnios 

| that the moon has something іс do with the changes but baa only а 
ашай effect. 

Ты шингэн af ihesa changes in the rate of the earth's rotation ага 
conéderable (тоға the astronceseal point of view. Tho greatest of 
which we have any certain knowledge ін that which oceurmed about 
1897 and which changed the appareat length of the year hy à мо. 
This ін petting meer the best that the new Shorti clocks сап show, but 
the latter have not yet quite attained the accuracy which Ë meded 
for tha purpose. Perkapa if wo bed а dozen och clocks, kapi going 
under the very best conditions, we nghi, by averaging the limes they 
would show, detect wach ú change. There is some interest in this 
question af the present time berause the deviation of the earth from 
showing correct time ін now groster than ithe eror been dines DAFT ia 
ticus were made with gulficiest accuracy, amd consequently it is 
reasonable t expect that а new change may soon Omur. 

Tt ig natural to sk at Ша шара Бели the ebasmratiama of the moon 
агь шийр aud ibe natura of the errors to which they are subject. 
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The fundamental series bara been the mendin obasrrationa at 
Greenwich ond Waahingion—in the former cose an unbroken séries 
since 1750. In these observations the times at which the limb of 
the moon creases the wire in the transit mandian telescope ін chaarved. 
‘The declination is also neled by placing the eross-wire on the wpper 
or lower limb of the moon. Ву means of tables, given in the nactical 
almanae, the position of the moon at those instants ғаз be found. 
Unfortunately, these observations are subject to many emam. Thera 
аға the instrumental errors, mest ef which enm be doalt with; the 
errors dua to the irregalar shape of the limb, for which corrections 
оша be made: amd Amally the error of the observer whee hà tris tà 
make tha wire tangent to the limb. The luat ін the moat serious 
becmase it varies with diferent obeorvezs nnd with the same observor 
at different times, About 100 observations a year are obésined in 
thin way nt each observatory with some БЇ] mara at Greenwich obtained 
by nating when the wires cross the crater Méeting A. During the 
lead 12 years а campaign has been under way to obtain and utilize 
occulinisons Here wo amply aobasrva the instant whia the meon 
covers в stür. There are practically no instrumental errors, and ая 
the time of oocurrence need only be observed іс the nearest second, 
the human factor docs mot seriously enter, But ат siil depend on 
the shape of the edge of tha moon ond, in addition, on the &curacy 
of the places of the stars, Both of those orrom сап be largely c- 
recied во that the possibility for mocuracy with this letter тайх 
doema bo ba prester than with the meridian observationg. It has been 
possible also io obtain many more auch abservntions, During the 
3 теала 1033-25, wo hod an mverage of over 1,400 a year, With all 
this material wo new know with considerable acemraey how the rate 
of rodaiion of the earth ін varying from year to year. 1 should be 
mentioned that Newcemb get his original curve from pocsltdtiona 
which ha gathered from all over ile wold. 

What la the causes ed these variations іп the earth's rate of rotation? 
At present the answer iwe do mot know. But the facts ot our 
disposa] enable us to eliminate a good many hypotheses that might 
olberwina have some plameibülty amd thus narrow the Geld of con- 
jeeture, Perhaps wa may even go se far as to any that possibly we 
сап obtain new information concerning the behavior af our earth. 

The quantity we are mainly concerned with is the angular тоши» 
tum, ‘This is n product of the angular velocity, the mass, the square 
of the radius, and а constant which depesds on the manner in which 
the mass of the earth ia distributed. Theory talla юа that this ennnat 
ba changed (exeept in а manner which is easily calculated and which 
ia allowed for}, We have soen that there is one important exceptlon, 
namely, the frictional affect of the tides produced hy the sum and the 
moon. The irregular changes might be вирроны to be due to marite 
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бова of the frictional effect. But the changes we ате comudering are 
enormously greater iban the whole frictional effect and consequently 
amy variation in the latter ін quite powerless to produce them. Inslosd 
theory рова a atap farther and indicates that no force external to thu 
earth that we know of can produce a change in the angular momentum, 
except Ёш the massar Jual stated. 

Wa am thus reduced t asking whether there are any external 
forces which can alter the distribution of matter in tho carth. The 
only such fore we know of are tidal actions by the sun amil moon. 
Ний sock forces аға quite regular in their action, and the changes wo 
observe are exticemely irregular, so that this source must bo ruled ба, 
There are in fact no known forces eutsida the carth that can produce 
the бегін resulta. 

Are there urfa changes due to meteorological cames or other 
conditions which might be elfective? When these resulta were first 
published it wna muggested that accamulations of isa amd mow at tha 
pales might secouni for the phenomens, Най саа shows that 
in order to msa thin source, the requisite адни Gf [rozen water 
would change the average sen level all over the world by scanething 
Шел a fest, and wa веша oll keer if this Ний happened im 15897. 
I idok the trouble to look up the records and, as Î expected, found mo 
sigzáficant change in sea. level near that date. 

[сга] changes of level ar voleanis ation are apparently far 45 
кшш to produce the required всё.  DeSitter calculnted that if the 
whole group of Ше Himalaya Mountains could be ruzed and placed 
ал the polea, ib would preduce only а fraction of what із needed. 
Ко imaginable surface changes seem sufficient Tor our purpose. 

We ага then drives to changes below the surface to necoumt for it. 
Here we must resort entirely to hypothesis, for ibere ік nstking that. 
we actually know which is всайнЫа for our purposes. The па 
рЇлиа л start in to imagine some action which changes the radius of 
explain tha changes which jake place ік the light of егіліп variable 
stars, Не imagines that they pilates bodily—pechnpe it is û feature 
ad all siara бо n prester or lesser degree, If eo, there із no difficulty in 
imagining а polesting tarth—the remzant perhaps of a time when. 
ich changes were оп n largo ecele, ‘The amounts required аварч quite 
ашай, If there is a uniform dilatation nnd compression throughout 
the whole mass of tha earth, a change in tht external radius of 5 inches 
ін sufficient to account for the maximum граза of rata which has вэ 
far bees observed, Ш the change took place in а layer 50 miles below 
the seren, the external radiza would have to change by 12 feet to 
produce the same affect, Ша change of this character is the cause of 
the phenomenon, something between these two extrema is indicated. 
Another suggestion which has bosn made is the redistribution of 
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matter inside the earth, different denzitiss playing the principal role 
in thie bypethesis, I repent, however, that these are mere hypo 
theses made te account for the phenomenon, 

My own idea із бо imagine the existence of a layer of material not 
too far from tha saries which is ni or menr à critical temperature, the 
гг being defined ая ome in which a small change of temperature 
produce: a relatively larga ‘change of volume. There аге many sub- 
stances which peaasa this property. Thus a amall champs sn tho 
interior condition of tha earth might emily produce ü relatively lange 
changa in the volume of the layer, causing reoessary expassion of 
contraction at the only portion which is free to mere, namely, that 
above the luyor. 

А change of volume eonsidarnbly los than 1 percent in a layer with 
a thickness of n mile wold be amply sufficient to take саге of the 
maximeam observed change. Incidestally, it may be noted that the 
change in veluma consequent on any change in temperatura gives n 
rapid method of transfer of heat in n mass composed of diferent ma- 
terials, for changes of pressure are transferred without delay and the 
cooling ef a hot mass сөлін be made much moro rapid in this way than 
by more conduction. 

The hypothesis gives a mechanism for mountain building which 
has some rather п гас ха {natures Tho elasticity of the eurfaca 
materials of the eamh is amply ealficient to take core of any кесі 
іпегежав ін the volume of ita crust, Ля а matter of feet, however, the 
surínoo ia brokes and азат in all directions, and the effect of an 
expansion would be ta open these балт. They would ba partially 
filled Бу matter dropping from above or pressed in from below, In 
any cas, whee the sabsequent contraction cama, they would not be 
able to close and tharo would necessarily be a bulging toward ibe 
ашара. The evidenes we have Ни салга that the major changes takn 
place at intervals of the ordor of a century or less, so that tho алав 
farts ага Ekely ta repeat their succemmive openings and closings, 
rewulting in successiva alevations of the same region. The energy 
necemanry for the process la thus traced beck to the interior heat of 
the earth and the supply would seem to be ample. 

ТЕ is not entirely impossible that the hypothesis could be tested if 
and when the next great change occur& Some deviee which could 
mensure very small changea іп the opening of n баята could certainly 
be eet up. Lf one costing n small sum cely could be constructed and 
numbers of tham plaeed im various parts of tbe carth, especially in 
those regions where mountain building ia known to be going on, the 
information needed could be obtained. In a few places elaborate 
mechaziss with recording device: might be employed. In any case, 
much might be lenrned concerning the movements which are titina 
ally taking place on the surface of the earth. 


THE THUNDERSTORM ! 


Пу E. А. Evira aad Е. B. Ма хиих 
Piia Werks, ааһа Шыл ба. 


[Wh dana plabas] 

In thia article the writers have atiempted to gather together in 
ang place saílicient information om ihe electzifiontion of thunder- 
elssda, the causes of their formation, amd their charattertatios, Lo 
givo engineers 8 general understanding of tha thunderstorm. To 
bhis end the writers hawa dromm. on ther own personal] experiences ін 
field studies of lightning and have selected and interpreted the idesa 
of & mimber of mvestpnbori who have presented their findings im 
mumargus» publications, many of which ага not easily асгана to 
the average engineer. In а number of instances, additional ald 
data have been added ta round out ar corrobarate the findings and 
diedueixns of previous investigators. Tho агас тай ын of actual 
thunderstorms are described to amplify the conceptions obtained 
froma danariptiona af “ideal” modala which, for ease m usdarstanding 
their operation, neacsearily have to ba imple, Finally, an axplana- 
tion ін given as іс how a Космо ре of the characteristics of Uvander- 
storms nnd of the factors affecting their formation вані travel com be 
applied in lighteing protestica problema. 


ELECTREDOAL FICTULE OF THE THUNDEMBTOMM 


It В desirahla first to review briefly the oporstion of the thunder- 
cloud generstor before explaining ite formalin amd eheractoriséica. 
As a helpful pichare of this generator, the lower part of a Uhunder- 
ені ғап ba visuolized ms one пішіп of û physically huge condenser, 
ibe air ав the diolactric, and the ground, or another part of the closd, 
as tho other plate. М mast not be forgotten that tha cloud is noi a 
conductor but consists of a multibsde of poorly conducting watan 
droplets suspended im an insulating medium, tho air. The change 
of the doud ін not distributed on Ма surface as on the plaies of в 
metallic condenser, bub ta a volume charge distributed on water drofe 
Leis and air ions throoghoat considerable ragiona in tha eloud. 

The cloud charge attracts to the ground beneath and near it an 
equal amount of charge of opposite sign. HBabzeen the charge on 
the cloud and the charge on the ground an electrical field exista Just 
as between the charges on the plates of any other comdonser. This 
4 Bispripiadi bor permissions жом Шы. балнад Шыгы Билет, барихыг LBN, 
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increases as the gemerntion proosss goes sm within the cloud. 
терлі peeing certain erilieal valus à discharge between 


cloud and earth takes placa. 
TOW THUEDERCLOUDS BECOME ELECTEIFIED 


Tt i» certain thet the electrificetion of thumdorclowds із shady 
өлмесін with ihe turbulent comweclon systems which form tham. 
Тын waa very evident during an intensive 2-year field ваду: of 

thunderstorms made from & mountain top in Colorado by one of the 
writers of this article. In tha course of some 300 storms ihera were 
amd ite electrical activity were plainly visible at the same tima. 
Clouds with desse well-developed heads, showing evidence of violent 
internal convection systems through many and continually changing 
surface protuberaness, were practically abways active electrically. 
Оп the other hand, clouds which did not indicate the presence of such 
convection systems were поё electrically activi 

The exact manner in which these convection currente take part 
in the alectrifcation of thunderclouds ін not completely known. 
That they separate the amall raindrops and cloud particles from the 
large raindrops, and that by doing so thay separate positive amd 
пата electricity within the cloud, № generally agreed. But 
whether they cause the electrification of the mindreps by braking 
them up, or by bringing them into contact with each other while they 
аға polarized and thee anparating then again, or by helping to bring 
positive amd negative air ions En contact with polarised raindrops, is 
в coniroversial subject. Tha thes beet known thearu of thender- 
алд electrification, each involving one of the foregoing methods of 
dectrification, will naw be described. 

SNA НИЕАКЕ НО-3їйт TEGAY 

Sunpscn's*! breakzsr-drop theory of thenderdoud electrification 
ін proably the beat тота amd moet generally accepted. Ta this 
Шымтү, á major role m played by тздеп upward air eurrenta, which, 
fer reasons їп ho explained Inter іп the section on “Cases of Thundar= 
abai Formation", али іп Би єє dhundarsborma, “Please upward 
air ештешія carry up moisture which condenses as it rises. "Tha con- 
densing water vapor combines into drops. When these attain a size 
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dargest drops finally approach a limiting mime, which according ta 
Lenard * із about half в centimeter in diameter. Dropa larger than 
this are unstable and soon break up into many small dropleta surrcamd- 
ing а rather large cantar drop. 

. In the breaking of rain drops Без the electrification process af 
Ahunderstorma according to Simpson, for he believes (and has ad. 
төлемі laboratory experiments supporting his belief) that, when the 
drops break, negative inna ore released ints the adr while the water 
drops become positively charged. The negative ions joining with 
minute cloud particles are carried upward at the velocity of the air 
surrenia and аға ibua quiskhv тепыуғей from the vicinity of the 
positively charged rain drops. The тайз dropa are also ештімі 
upward but at n slower rate until by recombination they ngein 
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Бесна lange enough to fall Та falling they өзінше to grow until 
they break up again. “This liberates more negative ions into the 
air ànd leaves n higher positive change on the min dropa. 

Во the cloctrification process goes on. More and more negative 
sons ага liberated and transported to ihe upper and rear regions of 
the thunderstorm. The rain dropa seguira а higher and higher 
positive charge ond nceumalate in the lower part of the elowd in ж 
restricted region, The location of this region is determined by the 
velocity of tha upward air currents; for, since the largat drop which 
can әкіні can be supported by an nir column moving upward at а 
ту of 5 metera per second, mo min can fall through regions 
where the air movement ін equal бо or greater than that velocity, 

Thus Simpson arrives nt the thunderstorm model reproduced іп 
figure 1. Іп this diagram, positively charged water drops neeumulata 
im region № above the region where nir velocities аге 8 meters per 
жаешы or mare (indicated in the Шаганов by on elhpeé at the 
Їїний of región B). The negative charpo ia distributed па shown 
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over a mach larger region of the cloud in tho upper part and E ғ 
сш most of the body of tha cloud. | 
Simpson's messuremenis of the change on rain dropa аға ів ngret- 
ment with his sonseption im that they show thot as storm clouds 
pass overhead the falling rain consista fret of large drops charged 
positively; next of a mixbare of eegutively charged and positively 


ELSTER AND ÜEITEL'A INFLUENCE TILROET 
Fister amd Geitel*? have розавы ú very different theory of 
cloud eletrification, in which the upward air currents of thunder 
storms play aa prominent 8 part as im Simpeson's theory, Іп arriving 
ад an understanding of their theory, one eam visunlize the Carrying 
up ef atexepherie moisture by the upward air currents, the formi- 
tion of drops, their combination and their fal] much os described in 
Bimpeon's theory, Since the earth ia normally negatively charged, 
separation ed alectricity will occur on each, water drop by induction 
itis remote from the earth. The bottom of the drop 
itively charged and the top negatively charged. Ав the 
fall through the upward moving sir stream, smaller dropa 
ad upward come ін contact with the lower surface of the 
of each droplet contacts the posi- 
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proceed ard gaining megative charge ая they 
accumulation of negative charge occurs near tho bot- 
| while the upper region becomes pontively charged. 
af intereat їп view ed the fast-aceurmlaling evidence" 
large majority of the discharges to trungmission lines 
frog negutivoly changed clouda, ы 
€. T. E. WILEON'S ТИБОВТ 

C. T. К. Wilson * ^ has suggested still another theory of thundor- 

cloud electrification. He explains bis theory by following the progress 
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* There are normally present in pach ене centimeter of the ates 
phere about 1,000 positive and BOO negative "ашай" inna" having 
mobilities of about a eentüneber per second under the action of ù 
field of n volt par centimeter, oa well as 1,000 to 20,000) "urge" ions 
of much smaller mobilities. Thess ions are, aceording to Wisa, 
greatly increased in mumbar in thinderclouds by ionization attending 
the strong electrical Gelds in such clouds, Tho pealüre iona travel 
toward the negatively changed earth with а velocity dependent apan 
the field strength im thn region through which they nre posting. 
Similarly, the negatively changed lons travel away from the earth. 
Wilson pointe sut that the rein drops falling or rising in whe аш 
currents of the thunderstorrs mus meet many auch bons, Howwwaz, 
for the electrification to start it is necessary te consider, am in the 
Elster and Geitel theory, the separation of «Балрге in dropa due to the 
elfect of the field of the earth. Simos the earth is negatively changed 
these drops must bo polarised with their lower surface positively 
changed ані their upper surlece negatively charged, Гора falling 
toward the earth faster thon the velocity of positive lora im that 
direction will nob be overtaken by them. They thorefore cannol 
Acquire в positive change through attraction of such positive ions to 
the upper megatively charged surfaca of the гора. On the other 
hand, the positive ions which the drop entehes up with ік ita fall will 
be repelled by the positive change an the lower aurface of the drop and 
sn mengi enniaetit Negative bona, however, which the drop meets 


éxploina the diverepancy bebwesn the apparent preponder- 
ance of сіпенің with тирийй тын charred bases Fares 


mania which show а prepeederanoe of positively changed rain from 
thusderelocds by ressoning similar te that just given. Не points oat 
that water drops below the negatively charged hase of the clond will 
be polarized with their topa positive amd their bottoms negative. 
"This follows тізеге the nqgative ¿load Geld will be much stronger than 
reas V. Foa Tha akaka йй ul Qu es ний йили. D. Yan iud Оо. Ни 
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that of the earth, Falling drops will thus attract to their подайте 
undersurfaces the upward moving positive inna. Drops which ате 
negatively charged when they loave the elowd therefore may become 
Е лы! turing td рамада ін нийг. 
DUM FAR R ХҮН OF TETCHTDHERETÓORM ТЕНЕГЕН 


To facHitate comparison of the three theories outlined, they are 
sumenerized in table 1. Of these theories the hrealing-drop theory 
appears ta Ва the most altrective. Рғойий breaking of raindrops 
must occur in the violent convection systems known іс be present іп 
thonderclouds, Laboratory experiments have proved that when 
drepa are broken up іп am sir stream they become electrified. Di is 
тайлга) to infer ihat a лаг action. on a very large scale occurs in 
thunderclouds. Yet there is one serus "Настеравеу. This is that 
оталу experiments indicate that the water drops beconye positively 
charged in breaking, авд that therefore the lower most active région 
of the dhunderdond should bo а region of positive charge coneentra- 
tiem. This is im direct disagreement with measarements of the polarity 
of lightzing«discharge currents through tranambsalon-line towers, 
which indicate ibat a very high percentage of strokes striking irani- 
тыммізі linea are fram negatively charged clouds. Whilo, as Lawis 
and Боп bire suggested, there is a possibility that the irass- 
mimon towers and lines ғапу exert а dircetive action on strokes when 
the clouds are negatively charged and thus canse the high percentage 
of торапта etrokes to tomers, still the discrepancy is өз greab that for 
the present the breaking-dlrop theory, im spite of iis attractryeness, 
саттым ha completely gecentad, 
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Ta ia probable that all threo of tho elecirifring processes embodied 
lm the theories described aeoount im part for tha alaetrifieation af 
thanderclouds. Which of them is the most important, however, 
cannot be decided from our present keowledgs, Аз B. А, Watson 
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“Watt Ë ass, pointed ost, the «Чи си єв involved in obtaining accurate 
information on the processes going on im thumderelonda ara tramen- 
dow, aml 16 is probable that it will be a long time before salficient 
knowledge ean be obtained to solve tha problemn, 


TAMENTE THURDERSTONM MANEL 
Вагет * has proposed а thundorstorm nzedel, shown in figure 2, 
in which в region of high negative charge concentration precedes a 





герои of high positive charge concenirüdion, al ihe frank of tha 
cloud, Jensen has photographed lightning discharges while recording 
the inatantanenus field change: caused by them. His results appear 
to favor Banerji's storm model, Plate 1, figure 2,1 o composite 
picture, token by Jensen,” showing two discharges ҺАН а minute 
apart st the front of a storm, The cloud is moving from left to right. 
The discharge to the right waa from ù segqatively charged кипи. Из 
the elowd, while the ome to the left was from a positively charged 
region. ‘This b» in лпєп! with Балет ік prediction. 
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ELECTRiAL MIELE ИЛИМИГИЙ 
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of electricity by the air currents continued unhindered. In such à 
газа а atraightlios increnan of charge, and therefore of electric Geld, 
would be pected. 

TWilean has advanced (wo reasons for tha shape of the changing 
wares, ‘Tha frst corresponds to the counter«lectromotire force 
principle which determines the shape of the charging curves of боп» 
densers, Ав the electrical fold between the two charged regions of 
the cloud ineresssm, grantor nnd greater opposition із offered to the 
movement of the larger drops toward lower levels of the cloud and of 
tho smaller drops toward upper regions, This is obvious because tho 
negative charge in the bower regions of the cloud repels the large 
nepiively charged dropa while the positive charge of the upper 
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"regions aliracis them. Similarly, the amall positively changed drops 


being carried up by thn air eurrenta ата repelled by the charge at the 
tap of the cinsi and attracted by that in the bower part of tha cloud, 
This opposition, of curse, increases in proportion to ihe Increase іп 
field ая the centers of charge are replanishad. The асны reason 
advanced by Wilscn for the lower rate of field increases an the charge 
bullds up is ibe greater disupation of energy duo ta local innizazions 
Im the intense fields about charged regiona һа their vollages are 


increased. 

- ry eir field — "PR Bhow the 
separation, 0 Ив accemulnisen in иба regione in the 
dowd; show bow this charge ls removed or юман by n lightning 
айга: вый show haw after & stroke the electrification process builds 
up ihe charge agam tà the value neecsasary bi eause anüthor discharge, 


CILARACTEIRISTICS DF THUNDERSTORM. 
SINGLE THUNDERSTORMS 


Upon the approach of a thunderstorm, strong poate of wind йге 
übservalion. In the distance, heavy rain can be seen falling with 
frequent lightning discharges occurring near the front of the raln area, 
a i A figere 1. On Ehe nearer npprouch ef tha storm, a Вад 

tered fall of lange rain drops or possibly ñ light rain occurs. This ін 
soon followed by а heavy downpour usually accompanied or imme. 
diately preeeded by the heaviest БЕН of the aterm, һа the front 
of tha тиіп area and tho lightning discharge center arriva overhead. 
Ав the storm. eload ін carried along with the general аш movement, 
lighting annm starts sirikieg Бауны] the point of abasrration, rain 
settles down to à lêy downpeuar, and the observer realices that ihe 
worst of the Gghtaing for that section of the storm is past. 

"Thunderstarras тістей from a distanee frequently show several 
prominent thoodecbends resulimg from the formation of zevernl 
convection aystems within them. Each of these systems may produce 
one аг more lightning discharge conira  Thasrefors à susceenon of 
conditions and events as described for a aingle conter ін ойға expe- 
rano during the passage of a thuadaratarma, 

It i» apparent that in many storms the discharge centers are of 
relatively limited dimensions. Ну knowing the velocity of tre! of 
the 44014, it would be possible to form a fair estimate of the longth 
ef а ceméer kn dhe diren of aborm moviment, Ав an illustratien, 
acum 20 miles per hour for the velocity of a раг сад вг Фиша наога 
nmd 1 minute па the time during which discharges wore occurring 
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directly overhead. For the assiunsed conditions, the center would be 
about 1,800 feet long, Some centers are obviously mech greater m 


extent. 

‘Our present knowledge of the shape and extent of lightning dis- 
charge center із boo meager 19 establish a “инал!” siza for cantera, if 
wach а кізе пони oecura. They must vary considerably from storm 
i» #tamm. It is important that their range be determined, for upon 
their shape nnd size depends the nature of the electrical field near the 
юй, This electrical feld in tum probably initiates the lightning 
siroke. 

When the discharge center із of limited dimensions compared with 
ita helght abora ground, the electrical field will Бе пин more intense 
пакт the elnud tham ear the ground. In sach в caae, И would not be 
expéctod that earthed objects would have much effect in initiating 8 
lightning stroke. If, on tha other hand, the dimensions of the center 
should ba large compared with the height of the conter above ground, 
mmch more importance would baye іс be attached te the effect of 
grounded objects in causing strokes, This information is obviously of 
considerable importance in lightning protection problems. 

The polarity of the discharge center near the front of a storm sceard- 
ing to Simpsen's theory showld be positiva, while necording to Elster 
und Geitel'a and Wilson's theories it should usually be negative, 
According bó Banerji it should consist of в negative front center 
followed by s posilive center. Although it hes been shown that 
95 percent of the strokes to transmission Шаға are negative, yet mimis- 
mremenis of electrical йй changes resulting from lightning strokes 
indicate a more nearly equal distribution of positive and negatire 
emia, Indireet measurementa by Norinder ™ of the polarity and 
magnitadt of lightning currents, made by measuring the electromag- 
netic fields сәлемі by strokes, сілтіні show в considerably higher 
percentage of рэн тв strokes than is indicated by mexsurements of 
currants in transmission towers, Further work seems necessary to 
determine the relative frequency of cecurrencs and activity of positive 
and native discharge enters, 

The measurements made of lighting sirokes to transmission lini, 
using порево links ая в means of measurement, have indicated in 
many аваа reveren] of current. These resulte, together with those of 
Norinder, coupled with a consideration of the probable location of 
cloud charges, strongly suggest the peasibility of reversal of polarity 
between muesceamsive Осал constituting m multiple stroke. This 
reversal of polarity may well result from various tappinga of positive 
and megntivà accursulaitbens of charges within the eload, 
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From tha laregeing one might ba left with the conception of a 
thunderstorm proceeding over the country with ope or mere discharge 
centers always maintained at the same locations in the cloud. This 
cónóspin musi be modified becuuse, as the storm travels, zolsture- 
laden sir і mot constantly supplied іо the same part of the cloud. 
Ай is naturally stratified, and nankomageneaus, so that conditions ane 
not constantly favorable in front of the centers for a supply of moist. 
air. Topographical conditions, the presence of rivers, èli, alo affect 
the position and amount of meisturt-laden air supplied to a given part 
of the chaud. As в consequence, ihe regions of greatest convecilon 
shift about in the eloud ns it travels. Old sentem discharge their 

energy and, since the convection curmenta hare decreased 
greatly, fresh aóeamaulationa of charge occur more slowly, Dis- 
charges therefore occur leas often or come. — Meanwhile а nearby 
region im the cloud шау be шге favorably supplied with moisture, 
А. exnverlion қуаһып of sufficient intensity to electrify the rain dropa 
amd separate the oppositely changed particles then develope іп that 
гадо. Thus a new center i bom, and lightning discharges occur 
[reri it. 

FAMILIEA OF THONDERSTOERMS. 


Whee conditions over a wide wren are fnvorable Tor tha formation of 
thunderstorms, a number of such storms may be formed and several 
may pass over the same regios: within an henr er яа of aach other, If 
these occur at night amd people аго mot in a peaítion to waich the 
storm movament accurately, they frequently get the impression that 
tha irse gtarm "hangs arsana all night", paring them repeated visita 
Actaslly, the general air movement аб the chad level has carried 
them в succession of storma, In the daytime several members of a 
family of sach thunderstorms ean frequently be seen al ors Lime from 


CAUSES OF THUNDERSTORM FORMATION 


Tho necessary conditions for the formation of a thundercloud are: 
(1) the presence of salfbeienit moisture im the atmosphere: (2) the 
peesence of meteorological ars] (or) topographical conditions favorable 
to the movement of melstur-leden ale ep te the condessatin laval: 
and (3) conditions favorable ta tha formation of eaetained strong 
upward convection gabena 

"There are five general types of thunderstorms, the type depending 
on the nature of the meteorological amd topographical conditions. 
Thee are the beat, the mountain, the cold-front, thee overrunning- 
enld-front, and the warm-l'ront thonderetarma, 
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TEE HEAT THEADERTORM 

Het humid days with little or mo gtaeral horizontal movement ol 
air near the carth’s surface are favorable ta the formation af hest 
(hondereiorma. Such dara ата likely to бейш when borizontal pres 





ware gradients are weak and] temperature із high over extended regions, 
Typical eetecrolagieal conditions of this character are illostrated by 
the weather map reprodeesd in figure 4 anal described Бу Humphreys ® 
in Physes of tle Air. 

pirap. W. FL, ауын af the АЛ, Modere- ВЕШ Baak Di, Esa. Kar Vik, 1858 
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where the storm originales, of а dry adiabatic or supezadiabatio 
temperature gradient from the earth up to the cloud level. That is, 
а condition must be established in which the temperature of the air 
deeresees with lero іп height aboro tho earth ni the ram ог a 
greater rade then unsaturated air, warmed st the surface, боо ва 
it rises amd expands adiabatically This requires timo, for mar- 
mally iho rato of decrease of alr temperature with beithi is only 
about half the required dry adiahetic temperature gradient. Его 
quently a day or two of bot weather seeme to be nocessary before 
such в gradient oan be established by progressive convection and 
mizing ef the air. 

Whan an adiabatic gradient is ааа, ale heated àf the mar- 
Tace сай rie bo Ше condemnation №76. There Ия moisture will 
begin to condense and in doing во will give off its latent heat of 
condensation. This heat warma the rising column of air. Tha 

resulting temperature difference between the risimz со на of alr 
шені the яиггайтиЇ үг air іпегікефж the upward ar movement and 
helpa tà predues the violent sonvection necessary to eleotrify elouda. 

А bent thunderstorm will thos form if (1) a temperature gradient 
equal to or greater than the dry adiabatie has been established be- 
tween the ground and the condensation level, (2) the general hori- 
топ] nir movements are mild enough and other conditions am 
favorable to the strong k«al heating of the sariso air, and (3) if 
Шин air «тыша ваннд шинэ нг, 

MOTETAIN TIUCKEDERETORMB. 

Mountain thunderstorm are closely related bó hiat Fhundaratarma, 
The slopes of tha mountain are heated by the sun's rays. They 
reradiate this heat energy at a longer wave length which can more 
readily be absorbed by dhe atmosphere than the sun's direct ahortar- 

- th гал ос. The sir near the mountain alopes ie this 
heated to п temperatarm abora thet of the szrrounding ай. This 
relatively warm со шин of ade can be compared to the warm nirin à 
haze chimney tipped at в eoraiderahlo angle from the perpeedieular. 
In a chimney the difference in weight of the column of warm air 
within the chimney compared with a column of equal алев and height 
oulside of tha chimney supplies tha nosessnry pressure іп foren шіт up 
the chimney. Similarly, the greater welght of a column of relatively 
боо! nir in the free ветер его. at a moderate distance from a maun- 
tain, compared with the weight of à column of the warm air near the 
auríace of the mountain, тєкиїїн in а pressura dilferanen forcing the 


шит ыш жарымына ki Шш. ын fcc (ық жыны ixl Заа! Ы ішігі KG 4 eee Éram 1а 
шарағышыр wyuimam Thh eel Бола ba тоны pete woe ln pe cw e rales a. 
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wares moisbure-Imdes alr up tha mountain side and toward tha ssn- 


danawtion level. This chimney action of n mountain thus aids greatly 
in thunderstorm formation by makisg it unzecessary to establish an 
adiabatic teenperatume рта іол. thawugih the free ntmeosphere up to tha 
aloud level. Ап example of a thuziderstorm forming over a mountain 
in shown in plate 2, брате 2. 

Moundains ales asd in tha formation of thundersterma by deflecting 
upward the sir шавиа which ara blown against them. The kinetic 
energy of the moving air carried H up the alopes toward the credensa- 

DOLDMFRONT THUNDERSTORM 

In many sections of the Unitel Stakes after a period of warm, 

humid weather, Шинэбагэлэгтай. [frequently soeur followed by clear, 





tool, dry weather, ‘These may ansily be confused with haat thundar- 
storm. Since before these storms the air ік warm and moist while 
after the storms it ін cool, dry, and clear, it ia perhaps natural to 
жаста the clearing of the atmosphere to the thundergtorm. Actually 
а large masa of cool dry alr baa moved into the regson and replaced the 
warm ийй air which was there previous to the storm, and in doing 
во hüs шэн Чаканы. The беяз] gir is ually af polar or 
nenr-palar origin is responsible for the bright clear дата following 
the storm. The wares humid sir whieh it replaces is frequently of 
tropical ог mear-trepical origin, 
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` Asstated, these thunderstorms are caused by the action of the cool 
dry air mass on the warm kumid air masa, Cool air traveling from the 
northwest along the rear of a Low (low-pressare ares) overtaloes warm 
sir moving from the south and southwest into the southern sutor of 
the now. The surface along which the front of the eco! air шилж 
males contact with the warm air ia called the cold-front. IE is пігет 
this “squall lina" or aterm line that the thunderssorms пгт dormned. 
Figure 5,4% reproduced from National Research Counell Bulletin, no. 
TB, shows horizontal and vertical aneticne рїн Їз the sald- and warm- 
fronts attending a Low. In secthen (а) û view ін shows looking down 
from above the earth spon a raw, Referring to that part of the 
diagram which не to the left of the dashed vertical line, and diarepard- 
ing the part to the right of this line which will be described under 
“Warm-front Thunderstorms”, the cold front ін indicated by tho lise 
extending downward and to tha left, A vertical section through this 
cold front is shown іп tho lower left-hand side of figure 1. IÉ will ba 
noted that the cold nir mass hns an overhanging front. The overhang 
frequently may be 4 miles lamg.9 — It тєвиїн from retardation of the 
warface air layers by friction with the ground and consequent over 
manning of these layers by the Éuster-moving higher sir, Warm nir is 
tropped beneath this overhanging front. In the resulting instability 
due to cold air above worm, the warm nir rises rnpidly amd forma 
strong convection systems which often are of sufficient magnitude to 
Produce thundersterma, Ая the wedge of cold air odvancea, it alee 
underruna the warm аг and forces it upward, contributing in this way 
to thunderstorm formation, Thunderstorms formed by ово сахина 
are called eald-front thunderstorma. 


TERR VRE AEH -00ЬпР-ГБОНТ ТЕПІМӘЕНЗТОПЫЯ 


When, instead of the front of a cool air тава overrenning n warm 
mass of air near the surfeos of the ground, it does so nt ж higher level 
fer a number of miles in front. of the surface cold-Iront, the unstable 
conditions of cool air above warm oir may oceur over a much larger 
area. Thunderstorms which occur because of this condition are 
eallad cverrunning-cold-front. thund orators 

TAHM-FEOUMXI TILZEXDERRTORME 

It frequently happens that ahead of the warm sector of а Low 
Шеге exists a region of relatively cool wir. The front of tho advancing 
wann mss of ше ia called a warmne-front. Ine ун он ін shown іш 
figure 5, а, by the line extending downward amd to the right. Tha 
malg of ihe diagram causes tho warm-front and the enld-frest te 

= Risse 1. und манан Н. Шаниамгараыны Lla [шше хэй билээ d Bi maa poa син kallan, 
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5 бга together, Actually, the warm sector ia frequently several 
aP are! miles across so that в day or more may go by after the pat- 
sage of a жалга ны before the cold-Eront arrives 

Referring to figure 5, b, the warm mir of the front of the warm 
sector ix forced para over the cold wedge of air abead of il. The 
i is much sore gradual than in the ense of the oold-Iront, 
and fesquesily several hours! warning of Ня approsch із given by the 
chazpes in the mature of clouds as indicated im the Шарташ. Ап 
сіметтег at E would fired зов à few wisplike eirrea elomda high abora 
him. Them weold imerease іп number until they formed в high 
unbroken layer ef doods. Ав the warm-front approached nearer and 
nearer, more and more moisture would be втайЫн for cloud formnticn, 
and the elends would gradually form af lower and lower levels; Then 
gradeal change from scattered cirrus through cirrostratus, alto stratus, 
sd trates to nimbus or cumulo nisslus therefore gives ample warning 
44 ñ coming disturbances und evidenes of the nature of the disturbance. 
Thus, an observer familias with cloud іуре can frequently predict 
the coming of rain with possible thenderahowers after observing the 
first two or three transitions of the cloud types mentioned. 

Application of knowledge of warme nnd cold-fronts should ba of 
value із those intersted із predicting the weather from United 
States Weather Ештен mape Бр remembering that the warmefront 
lime and the cold-front line тиме at the center of à Low, and that the 
warn sector Шай te the south of the Low, the position of tha fronta cen 
be крргохшаалад om the weather map. EFEnowledze ol their locations 
from ihe mapa. 


МАЛҤТЕН ЕНЕ OF ТЇЇТГЭБЕЙНТОЙНН 

Hussphreva has suggested a plausible explanation for the manner 
іп which the electrical sclivity of a thunderstorm ін maintained ва 1% 
travels over the country, Heferring іс бриге 4, from Humphreys! # 
Physies of the Air, two шиш air currents нге indioatesd. А кїтїш 
relatively cold саст nf air, formed ns the гел of cooling hy con- 
‘tach with cold ram from bigh within the cloud and evaporation af this 
ruin, Əssranies from a region near the front. of the min ares and proama 
forward near the ground in front of ihe advancing storm as shown by 
the dowzward arrows, Пё сін as n huge moving wedge forcing warmer 
moisture-laden air up toward the cloud na shown hy the upward 
azzwa, and ihus maintaining its supply of moisture, Without this 
the storm would not be maintained after tha сана! supply of miis- 
tere had fallen En the form ef rain. 

The movement of 6664 ait downward and outward from tha тшщ 
area of a thenderstorm, as described by Humphreys, № freqeeatly 
indicated br the shape of the mia line when n aterm За viewed from 
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“the mide. Thus, ln the thonderstorm shown in рініс 1, figare 1, the 


downward and outward sweep of the rain lina ін undoubtedly due із 
mish alr currente In this particular photograph, which waa taken 
by ane of the authors from a mountain top in northern Idaho, the rear 
of thé rain ыға аа chown, Similar xir gureta blow from tha frosts 
of thunderstorma. By assuming that this photograph shows tho 
front ol à aterm moving toward the right, the shovellike action of the 
The upward movement of warmer air, which ін caused by the 
ahorel action of the cold nir currents, in made evident by the upward 
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muovement of small cloud fragments enlbed send cloud which frequently 
are present below the main cloud base. Аё times (на con be seem 
moving up {етеш the elend base at тегу high тєв. Tha 
presence of the adjacent upward ond downward moring air calumza 
їй als shown by the rotation of n mass of condensed vapor allad tha 
roll scud) which is sometimes plainly visible just below the cloud base 
ай the front af the rain ана. Tia direction of тонн mad location 
are shown at 5 in figure 6. А roll sed Foiuling ая shown іп the 
diagram has been seen at the front of a storm by one of the author 
daneg thunderitorza shadi? in Colorado. 


THUNDERSTORM TREDICTIONS 
TEE EAGT 

An estimate of the number of thunderstorm days to be expected in 
алу part of the Лааны States por month and per year can be made from 
Alander T isskórñunie M mapa, shown in figures 7-11, Those 
RN oe ПН of Налоги fin ibe United Binim, Mon. Wisibsr Far. vol. ii 

Р. а а 

Ипа 


oe i i 
n (Li УБ 
TA. | Е J 


ыл, 





La 


——— MX 


O O -——-———-——————— F چ تڪ‎ 1 





`w w үлэ” 4” MU 


ТИК THONPERSTORM—EVARS AND McEACHBEÜON 





КИЙИЛЕ. L= Maik! y ьа аға Банй юрча Шш Егін гаг 
Бі ттт Вы Есрым рыьы Caley. Ба. 
шеше ef i bg part вы lary 1 


195 





КШ L— Mort olarak жын kazan] шүдэн lbg i тєрт Бар БУ ruta un ШЕ. іру manae وسا‎ mth 
Beni ora Ba ЗБ-уны paie 14-8. Pride the ee x5 tbe шара EB XS Lo amana kw талғар 
жышаан Пана ss. Дара Lu Thun manaspa] per ooh, DANa Lk kina] 


187 


ru 
таға 
(Afr narasi} 


Шин ЯК Ша ers cm iba mapa 


THE THUNDERHTOHM—EVANE AND MeEACHBOMH 
: = - 
ba dapected per ган. 





Visas rere бш үз a 


Tieren lil 414 мезетті maps pd Bpod Ши Ыйы сакы ай 


monu кен Ls qo rear 
ч 


сі 





198 ANNUAL REPORT SMITHSONIAN INETITUTION, 1037 


ilvendezstarm oeeurreaee gt stations scattered over the United States. 
‘The records covered a 2ü-year period, One mast, of course, know the 
United States Weather Bireau's definition of a thunderstorm іп 
onder to interpret the charts. Their observers were instructed te 
report а thunderstorm if they could hear thundar, This probably 
limits the range of each statson to a roughly cirealar area frequently 
not over 10 miles and probably never over 20 males in radius, since 
it is doubtful whether Ши а сал Бе heard farther thon that, ‘This 
range would vary greatly from station to atation. Stations in maisy 
Locations in large cities жуан probably report fewer than the actual 
mambe of storms on seoount of the masking of the thunder by other 
nia. While the data ara wabject to ibeso limitations, stil] they ага 
the beet available on ihonderstorm occmrremen in the United States. 

Alexander has reviewed his monthly thunderstorm monpa as follows: 
Dung tha winter maste Demian Junzxry, gni February—ithe саг 
of tbandeniborm activity fer ihe ае Male ін Em iba теу of Vickabesg 
(Mim). fn February, hawwver, tha general ühundersterm area denda po dri 
валах, with & marked meradlarF over Penasccla (Fin. Dn March tsa 
екет ed mesi Vy [a НИЛ ever the Iwar Ыйын] Valley, wii nhe бөгені sharma 
arsaaspreadirg гарг тү corti avez Une Ten rana and СН» Walleye. In Арай 


over Ене Roeky Mouninin States, with а Recardury over балға Ғе (М. Mar], 
ашкы! As ireng wa Eka primary over Tampa, Marked activity glen connues 
іш вилно Montara кей ін the visinily of Үс ван Park. Tha йШітЙыь 
Hon Їп Аштан la жұғу auch the saris йл із July, bert with a notable deer іш 
Ши ag Lus Галайіңт border and в maios! waalesing af (ka sender over 
Rania Fe. ТЬе tre centers, of Татра asd Santa Fe, ремін, ини Н. weakening 
Чигнэрн September. In Deicber the seuihoasiom (Tampa) center веет do 
Bave dropped à Otis baih кта! [w yr over Key Wari, wills із, Балда. Fe center 
has duxrpekned бт ам ba caslern Teram ond the sycthesn piaite аа, prd 
the жегі! ara: are ін raphy Smiling Іп Митт ег, as during tka 
Winter тав, the meliva area іа over the lower Мішініррі and (hls Talleys. 
Chart 18 (гергойтоод ан Agıre HL in this агыш, milh doma ho зеге 
визны! number of days with thuzdensSorma during the poer period wi а larga 
number 68 stations in the Voted Нішіга and Canada, has а number of 
features and la woctkr cd considerabüe шимт, Note that 20 part of the ooontey 
ін егеіттіу fron from Ариз бесі саттар, although they аға támparativs]y rara along 
бе Рес Ес camê; sed thai there are teo akere of mailea. activity, epe over 
Тыпра, Wilh an anneal average of 84 daya with thunderstorms in ikê Spear 
purind, аша] the other ever Santa Fo, with an average of 73 during the same period, 
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UNITED STATES WEATIER DUREAU FEEDLCIDONAS 

United States Weather Bureau stations scattered over the United 
Bal make daily telegraphic exchanges of information on iempera- 
tora, pressure, wind, rain, thunderstorms, ote. From Шива data, 
weather charia are mado up from which weather predictions for each 
section of dhe coumiry are made, "These include the prediction of 
thuederstonm end are the best available. It most of coursa be 
realized that then stations predict for argas covering many square 
пана. While each region za қы уы inte sections far рагровоа of 
те на, 1b cannot be expecta] that all parte of each section will be 
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subjected to the same weather conditions. Those interested іп prodic- 

tana covering а very localized territory mus} then eapplement the 


Weather Bureau predietzons by keal observalisna With the Weather 


Bureau's information om regional atmoepherié conditions нь m base, 
and with an acquired knowledge of the sgnifcanoe of pressum, 
temperatum, bursidity, wind direction, type of cloud, asd dogres of 
ntmosplverie haze, it із frequently possible to predict the occurrens of 
thunderstorms several hours in ad үш, 

DIRECTION OF TRAVEL 


Prediction of thé direction in which thunderstorms will travel is 
Irequently very desirable, If general air movemente nt the eland level 
are extensive, ва а авашШу the cose for cold-front, and warm-froat 
thunderstorms, the direction of thunderstorm travel із овайу pre- 
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dictable, Tha ihunderstorms will be cared aloag with the ganeral 
air moverent. ‘Their movement will then be the same as the dirag- 
tion of clood travel direcily overhead (observations of clomd mori- 
ena at в commidembhle angle from the таг аа! may reli in large 
arram doe bo реа риза), 

Та the сала of heat thenderstorms, which occur meat Шш at 
times whee the general ale movements ure minor, 16 ia more 4 сай to 
predict thelr direction of travel. Direction of cloud trüvel overhead 
is helpful bat not certain for local topographical conditions and айг 
systems genereied by ibe ааста еШ may sadly cause the storm tò 

BETERITY 


The awreriby of thusderatorma depends upon the extant and violence 
of their convection күйініш. “Thi in tam depends upon the magni- 
iude of the temperature differences between the warm moisture-ladon 
air and the air through which it is carried by convection, tapan iha 
moist content of the warm air, and upan the velocity of the general 
ыг mvement, The intensity of cokl-froat, cverrunning-cold-lront, 
und warm-frent atorma can thus ba predicted qualitatively from the 
Magnitude of the abmospherie instability indicated by Weather 
Burees шинацтатигйн.../ The intensity of heat thunderstorms сап be 
qualitatively predicted from the kemidity, the tamperature, and the 
mildne of the general айт movement, The occurrence of high humid- 
Ау, high бирас, amd, vary Ж ais maraga ls тапа to a 
ШАРА alarm. 


APPLICATIONS ОР THURDERSTORM KNOWLEDGE 
TRAMAMISSDAON«LEWR LATION 


While the sumber of rowtes by which a transmission line сап be run 
between two ]oemtinns ig limited, it ia paasihla that under certain 
comditions substantial decreases En exposure bo lBrhtning might result 
from changes of a few miles іп line location, This is particularly trun 
in терта whore thunderstorms follow preferred paths, Whether 
they do so in в given locality dependa to a large extent on the chief 
cause of lara there, TE thunderstorms are аних Шу of the heat type, 
or the mountain type, they may well follow mich paths, for their 
formation depends on local favorable meteorological and topographical 
teli lona which tend to кенеліп more or less the ааа. Ты the light 
air movements pewvailing when storms of thia type are formed, local 
lind ашый air conditions have а much greater infloence on their dirs- 
tise of travel If, on the other kasd, thunderstorms that visit an 
arem ara ually of the cold-front ar warm-front type, preferred paths 
will be much lem evident. Their formation depends on the inter- 
action of adjacent cold- and warm-air masses often covering hundreds 
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of square miles. "They may thus form in widely зов ага locations 
with comparatively little reference to local topographical conditions. 
Their direction of travel wil nearly аїхага be determined by the 
general air movement at cloud levels. 

In regions тінге thunderstorms аго of ibe beat or mountas type, 
it may be desirable to consider mdgo-top versas valley-side or valley- 
better Joewtions for trosamizsion lines. “These siorms mppurenily 
altem temd to follow eortain valleys amd rivers. In traveling abong 
such valleys, mamy more strokes may strike into the valleys thas to 
the sides and top of adjacent maountams because Шри: discharge 
пыга nre often of limited dimensions. This condition haa fre- 
quenily been seen by ona of ihe writers ip thunderstorms stalica! in 

. Leeation of Шы along ridge Фора may then ramuli in loas 
exposare bo lightning. 

In regions where thanderstorma ure of the cold-front or warm-front. 

, їһв haphnazand formation of such sterma over wide arene snd 
the fact that their direction of travel is usually controlled by the 
general ale movemami аб cloud levels greatly decronsen the likelihood 
of preferred paths being followed. Storma earriel from weet to east 
by the general nir circulntion will travel over mountain ridges oriented 
in northerly ond southerly directions, The lighting exposure of 
linsa located om the top of each ridpgea would be greater than for linea 
оса on the valley sides іп the lee of tbe ridge or on valley bottoms. 

TOWER-BYETEM ГПОТЕОТІОН 

Tha dogree of protection econnmically justifiable for a given power 
ayabem depends to à considerable degree on the frequency ûl decur- 
rence and severity of thunderstorm in the region in whieh it is located. 
Alexander's charts should be ef value im doterminiag the probable 
thanderstorm frequency for any section of the United States. ‘This 
information sbould be eapplemented by knowledge of len! storm 
ветепіу in the region served by the system in order to evaluate the 
potential hazard doo to the storms is bè expected there. 


БОМЕК-ЕТЕТЕМ OPERATION 

Despite many improvamenta in operation, Bghtning atili representa 
a serious souroe of interrüpálon 60 шапу power systems, To insure 
contimulty of service, many systema connect additional generating 
capacity ta thelr los when Вота ега игй kuis tabe approsch- 
ing. Hinowledge of the cocurrence, direction of travel, and severity 
af thundezstorms is therefor of importance to them. Weather 
Bureau reports serve aa preliminary warning of the probable occer- 
Temen of thunder&torms. Short-time warnings of the appearance of 
an actual storm over the system аго mech more important, however. 
Bome power plants bave installed "bowlers" which warn the operator 


202 ANNUAL KEFORT SMITHSONTAN INSTITUTION, 107 


that a storm ін іп the neighborhood. Usually, however, tho first. 

mist come from employees disbribated over the &ysiem, who, 
as part of their regular duties, report to the load dispatcher the 

location, direction of travel, and severity of storma near the күнін. 
Сар mdr inire іне whether [t la Hable to affect Ын system, 
and сап then make the necessary changea in system aat-np ta mimimisa 
tha affect of tha storm. 

AMMUNITION STORAGE 
Lightning às в real hazard to amanundtion storage depois, Where a 
eheiee of locations із possible, а study of thunderstorm болд па 
should be of value in selecting а Incation offering minimum erposure- 
Alexunder's charts of thunderstorm frequency should be of valas in 
datammimimp the ретй region. The meat farerable loration in thia 
region cam then be determined by à localised atudy of topographical 
and meteorological factors, advantage being taken of knowledge 
af the type of storm maat prevalent, the location of topographical 
features such as combinations of mountains nnd meisture sources 
which are known to serve ns ihundersíorm "breeders," prevailing 
тїшї directions, preferred storm paths, ete. AE times such depots 
шау be located im a position taking advantage of topographical 
features offering natural ahlelding арааг direct atrolesn. 
DIL атой 


Where a choice ed loeation for the aterage of oil ін possible, a study 
al ivunderstorm conditions similar tà that described for ammunition 
depota Мин 4 be warth-while, Неге, again, comparatively minor 
changes im sterape сал ав, mar result іп à considerable decrease in 


li (OL poses, 

Although exposure бо lightning may be reduced by propor location, 
this reduction should not be construed to justify a reduction or elimi- 
nition of lightning protective equipment where lightning is partien- 
larly hazardous to the material фу bo protected, For example, while 
Лахабга charts show that Calitessdia жа ара Фоперагай на freedom 
[гош tanderstorms, still occasional severe storms do oecur ihera 
and the climination of protective equipment would be unwise, Ta 
1928, това of della worth of of] and equipment in that State 
were destroyed by fires set by lightning. 

RESUME 


In the foregoing, Simpsoa's, Elster and Geitel's, and Wilson's the- 
ories of the electrification of thundereionds are reviawed, Experinsen- 
tel evidence amd observans bearing upon these theories are givon 
eansderalisn amd the characteristics of actizal thunderstorm: are de- 
serbed. Five types ûf thenderstarm formition—heal, mountain, 
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eold-front, overerunningescokl-front, and warm-front—ore explained. 
Humphreys’ theory explaining how thunderstorms: aro maintained ая 
they travel over the coustey ва reviews, and oheervational evidence 
ің advanced which supports it. Alexanders charts, which imdicate 
ihe monthly ood yearly frequency of ocourrence od thunderstarm 
days over the United States for a St-year period, аға given, Their 
value im lightning protection planning № painted out. Conditions 
under whieh the occurrence, direction of travel, and probable serar- 
ity of storms can be predicted are enumerated, ‘The value of appli- 
‘ation of thunderstorm knowledge to tha location of transmission 
Шив, to the determination of economically justifiable poweraysiem 

ғ to mainionanes of continuity of service, and to the lopa- 
Шоп of explosive and oll-sborage depots ы pointed cut. 
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THE ELECTRON: 
ITS INTELLECTUAL AND SOCIAL SIGNIFICANCE? 





Ну Kam. T. Courre 
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Within the past 5 years, ceatenaries, biesntenaries, amd tencen- 
hoor have bean much im торые, Every town or шашин or 
erent which bea claim to distinetion has sought the exease of the Баеп» 
dar to remind the жәні of its claims to greatness, Thus wn Бата 
recently celebrated the centenary of Farsday's discovery of tho prin- 
ciples of eleetreanagneliana and the bicentenary of Waifs invention 
of the steam enjine-—discoveriss which have introduced the стап of 
Мост and of mechanical power, The city of Chicago has sought 
iy tell us that the progres of mankind really begun with the Founding 
af Минь community, and has Jed ma to spesi millions of dollars to gain 
the impression thai there із really some санаа! relationship between 
Chicago and world progress. In my part al iba country, the city of 
Heaton and its suburha staged a тымен of torcentenary оноть- 
tions, ав proud of their past ая Chicago is of its present. Grentest of 
all was Lest summers Lercenbennry celebration of Horvard University, 
signakzing the firm basis of шиг нан) freedom nne leadership which 
ба the prime pequasita for à free people in a ilemoeracy, 

Emcournged by the success of the Chicago Century of Progress and 
the Harvard Tereentenary, I venture tà feature тат address ав aig- 
nalixing nn anniversary of the discovery of the electron. To be sure, 
ft is only one generation old, and a generation is a ни сл vague 
unit af time for my purposes. Yol, in apita of lia усе, B bida fair 
to rival Chicago in ita contributions to esonomic progress, and Harvard 
University im Иа contributions to the understanding of this world in 
which walive, 501 теніпте to assert thai noinatitutinmorenmmuniby 
which bas ceed one of thess milestones ta take stock of ite aebieve- 
ments and plot ite future course bas stronger chima to imtellectunl 
significances йг practical utility than І will elaim for the electron. 

The history of science abounds with instance when a now concept 
er discovery hes led to tremendous advance into vast mew Беда of 
Анн triage lta Lars де Б thy Ая ee, vun 

a ІЛІр ma Cer 33, HOM. Жарны! by рагийыйын Бин Шыны. vel НӨ. BA. Bild 
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онь and art the very exietence of which had hitherto been 
urxuspecbed. ‘The discoveries of Galileo, Faraday, and Pasteur are 
such instances, Bul, № my тайап, nó auch imatanen has been йй 
dramatic нь the discovery of the electron, ihe білі thing in the 
universe, which within ono generation bas transformed à stagnant 
science of physics, n descripirve всианж of chémistry, and à sterile 
сеге of astronomy into dynamically developing sciences 11274111 
with intellectual adventure, interrelating interpretations and practical 
танна. 

I take рат! иг pleasure in mentioning these practical тана, for 
even the most unimaginative aad овар, Eurd-headed, "practi- 
eal" business man is forced to віва the justification for the pare 
тевваее № й no preeonceived practical use whatsoever іп the minds 
ef those who led in ita prosecution, nnd of all degrees of succes and 
signilücamce—mwhich haa been directed at the electron. For out af 
this гаввате hawa roga tia following things which all can understand 
and appreciates ú growing busimess Шш manufacture of electronic de- 
тізе which now amounts to M) тайБол dollara a year ii Armorica alone; 
a total business of same hundreds of millions of dollare а year which ia 
made possible by these electronic devices; inuznerable aide to health, 
safety, and comveniene:; and am immense advance in our knowledge 
of thes universe in which we Evo. 


THE ILACKEGROUND 


Їл science, ns in human niaire, great eventa do not occur without a 
béekgreund ûf develepment. "Thé lietran hèd an ànceiry which 
cmn be traced bark through the centuries. Tis immediate progenitors 
were the electromaggetie theory of light, spectroscopy, amd the leak- 
age ef slaetrieity threagh gases. Firet sequins wara X-ruya and radio- 
activity nnd quantam theory, for, өші of a beckgroand of long investie 
gation ef bewildering amd apparently unrelated phenomenn, there barat 
upon the achandife world the X-ray im 1985, radioactivity in 1808, 
and the electron im 1897--Ш while investigntors in the older finida 
of heat radiation and thermodynamics were Énding those bothersome 
inconsistencies in theses hitherte respectable subjects which led to that 
unexpected extension of Nawtosian mochenios now called quintuen 
mechanics, The concept of the electron, behaving according to the 
laws of quantum mechanics, Бог йы per uer sar анин: 
tion of all that falla usder the good old nama of natural philosophy. 

That only tha pioneers of the scientific world were prepared for 
thes dissoveriog, however, ša witnessed by the fact ihai a standard 
textbook of chemistry widely used in my atudeat days im 1904 stated 
that, "Aloma nre the indivisible constitutonts of molecules," and sp 
Inte аа 1011 а promisent nhysieist warned his colleagues not to be Ын» 
hasty in acoepding these now-fangled ideas. 





The existence of electrons had been foreshadowed for a century by 
the facta of alectrolyais, which led Davy and Barzelinua iò conelude 
Чам! chiiil богова worn eleotrical in пілге, and Faraday to сото 
that electric charges өліні only in sualtiples of some fundamental unit. 
For chamiral acida and salta, dissolved in water, tend із split up into 
iona, (Gant is, Aloma or groupa of atoms which move in an eleetrie field 
in such directions as to ЇЇ сав that they carry either positive or 
negative electric charges, Furthermore, it is found that the amounts 
of їнээр ions which carry equal amounts of electricity are exnetly 
proportional to the chemical combining weights of the іппе. Faraday 
бале that this fact would be simply explained by assuming that every 
ion carries а charge proportional бо its chemical valeney, that ia, the 
valesey times а fundamental unit charge, Bit Faraday could mot, 
from thess faeta, deduse the size of this unit of charge; be could only 
alate the ralio of this charge to the nanšs of the chemical gubatameo 
with which the charge was asextiaied. Hydrogen, being the lightest 
of all ioni, had of all now substances, therefore, tha largest value of 
this ratio of charge to masa. 

Tho rel real evidence of particles of larger ratin of charge to nuan 
than bydroegen ions came from the Geld of opties, Ever dace Max- 
well's equations of eleetromagretiem had predicted the existence of 
electromagnetic waves with the velocity of light, and Hertz, 17 years 
later, had discovered them experimentally, physicists had felt sure 
that light musi be ensal hy some sort of oscillations of electricity 
within ofoms. Tet only the тарна! and most unsatisfactory sporu- 
lations, such as whirling vortices or pulesting spheres of dectrivity, 
had bean suggested. 

In 1896, however, Zeeman trix] thé experiment of examining the 
кресігелп of n light sourso placed in a strong magnetic field, and dis- 
covered that the spectrum lines thes became split into components of 
slightly differing wave length, шиі that these componente of the light 
showed characteristic types of polarization depending om the direction 
in which the light emerged from the magnetic eld. Almost ай once, 
іп Jnnugry 1897, Lorentz ebowed that this experiment. proved that 
light is caused by the oscillation of cloctrie charges, the motions od 
which аға affected by the magnetic Geld in the manner required to 
explain Zemana experiments This much wna not unexpected, but 
what was startling was Lorents’s proof that the Zeeman effect could 
oly have beon produced by electrified partlelisa whose ratio of charge to 
rus ія пеаг 2,000 Limes larger than that of а hrdregen bon, end таев 
masa i Lherefore presumably nearly 2,000 times lighter than hydrogen. 

Almost at ones this conclusion wns confirmed in a more dramatio 
and understandable way by J. J. Thamaon, the then youthful director 
ef the Caremdimh Laboratory. Dat jet me first pick up this throad 
of tbe story a little farther back. 
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АЙ through the 185418 and early 1800's n кегіне of mest striking and 1 
unexpected discoveries followed from investiguiions of electris area, С 
sparks, and especially the glowing discharges of eloctricity at high 
хеНароа throngh glass tubes containing variows gaan at pressures [ar 
below atmospherks presare. The striking color effecta, pnysserious 
made them the meat popular, те most elusive, subject of laboratory 
research of those days. 

Tt waa these phenomena which led Crookes to postulate the axist- 
ands of a mysterious “fourth etate of matter,” different from the solid, 
liquid, or gaseous statem. (Of course, wo mow know thai СтооТса!в 
бек stats de дерт Жас siala жасы ПО и 
atlempting to photegraph the прреагалев of а discharge nt very 
gas pressure, Crookes was botberei by the fect thas all the photo- 
graphic plates іп the room with hia apparatus besama fogged, as if 
light-strock іп spite of theiropaque wrapping. Heavoided the trouble 
afterwards, however, by keeping Ыз new supply of plates in another 
roam until, one at а нэ, they were wanted for use. Thus he solved 
am experimental dif&eulty, nnd missed making а great discovery. 2 

At abeat the зате time Rüntgezi, in Germany, was trying the sama 
experiment, nnd ha too was troubled by the fogging of hia photographic 
plates. Bui, us the story goes, his laboratory assistant directed his 
attention to the peculiar fnot that these fogged plates, when developed, 
showed tha image of а bunch of keys which kad accidentally been 
lyimg an top of the bar of plates while the eloctrio discharge mxperi- 
menta were in operation, Aonig immediately looked ito this and 
discovered that the fogging was dee to penetrating radiation pro- 
duced in the discharge taba whore the гал айн mya s£rock the target F 
or anode. "Thus by accident ware X-rays diseovered —that type of 
accident not uncommon in science when an obervant experimenter 
in aš work, i 

While on the sabject of accidenta, I might digress to tell of anoiber 
accident which did not happen, also in connection with X-rays 
For шыға then 15 ттаға after their discovery, disputes тіріні па Їл 
Зээ ай ы очен 
length, or elecizically тихайга| particle of ras igh speed. 
It wus evident that they were noL electrically charged, eines their 
paths were опаЙесьь by electric or magnetic Берда. Tho beading 
ши ганаа of the neutral particle theory wae W. H. Bragg. In 1912, в 
Primeston, O, W. Eieherdess tried an experiment to son H X-rays 
ould be refracted by a prism, A positive result, would support the 
ware theory of X-rays. People bad tried this with X-rays through 
Ela prams withoul somes, but Richardson bad on ides that ёл 
iron prism might bs more effective. Бо he passed X-raya for hours 


the айбап lattices úbruetura of eryetals 11 Réntgen's discovery of 
A-r&ys жал па accident, then I яшрровв Richardson's failure to dis- 
corer diffraction al X-rays wus а nogative accident. Î often wonder 
how many important negutive accidents alip past ua week hy week! 
But te gat back on the subject of the electron: it wos the байкеда 
rays, which produce the X-rays, which finally turned cut to be elec 
trons traveling at high арвайн... Thess cathode raya had been observed 
te shoot out in straight lines from the surfaces of onthodes in rarefied 
раға through which electric currents were forced by high voltage. 
Objects which they struck became luminous with fheormcent light, 
and objects in their paths cost shadows. But their tros nature was 
disclosed when a magnet wia placed near the discharge tube, for then 
their paths were curved in à гоо он showing that cathode rays wer 
negatively charged. Ву memmring this curenüure produced br a 
magnetie Geld of known strength, and making a pretty sure assumption 
that the kinetie energy of these rays was determined br the voltage 
applied to the tube, J, J. Thomson іп 1897 first showed that exthede 
rays nre negatively charged particles with a ratio of charge to mass 
nearly 2,000 timea that of hydrogen. Не furiharnzare showed that 
these particles ure of tha sama type, as regarda ratio of charge to maas, 
from whatever gus от син material they are peoduced. He therefore 
anmcunced these particka, which be called “corpuscles,” to be universa] 
Фопайшагла of all substances. Thus was the electron discovered, 


MASS AND CHARGE ОҒ THE ELECTRON 


Quick asd fast come experimenta of ingenious deaigm to study the 
_ electrons more aecurately, They were pulled this way and that by 
electric and magnetb fields. They were caught in miniatures metal 
fiy-tropa, called Faraday cages, to mensure their charge amd kinatic 
апр. They were detected in their paths electrically, or by photo- 
graphice plates or by fluorescens. Conticmalty refined from that day 
to this, we now ket that an electron haa a ratio of charge to mass 
which m about 1,542 times the similar ratio for a hydrogen atomic ion. 

Tt was also very desirable to know separately the charge and tha 
pasas of an electron, and mol just the ratio between these quantitlas. 
Be an even кайга interesting lot of өкрөгїрэнэїл hes beon carried on 
to measure the electron’s charge. They wore begun im about 1900 
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` J. Thomson amd Ма colleagues, Townsend, H. А. Wilson, and 
DTE Tier 1 think a brief résumé of attempts to measure the 
slsetron's charge will throw an interesting sidelight on the versatility 
of sckentiflo attack on a Фош problem. 

‘The Ені attempts were by ‘Townsend, by measurememla on the 
motion and electrification of fog produced when electrolytic gas waa 
babbled into а гора of air which wae slightly superanturated with 
water vapor, but tod many uncertainties were involved to вако this 
werk convincing. Tho first accepted resulta were by J. J. Thomson, 
who, after ад earlier attempt, employed а technique of producing fog 
isde controlled comditinmm, developed by his colleague, С. Т. E. 
Wilson, whose mothed wan refined further by Ын pupal, Н. A. Wilson. 

It kad long еее known that water dropleta of fog do nnt form in 
ай which is somewhat aupemurterated with water vapor unless thorn 
are nuclei, like specks of dust, on which the moisture сал condense. 
Later, Towssend found thas fog will also condensa en inna, amd more 
readily om negative than on positive iona. C. T. Б. Wilson designed 
kn in which dusi-free air could be supersaturated with mois- 
ture sufficiently to permit condensation of fog dropleta on meguiüve 
but nat ef positiva ines, which were produced by seme convenient 
ionizing agent. Бо в fog wos formed, in which cach droplet of water 
was condensed on а négative ion. Themaon employed this apparatus 
із tha following manner. 

Of cour, this fog gradually settled downward under the pall of 
gravity—slowly because the drops wero small compared with tha 
viscous тәйке of the mir through which they foll. Tú was like the 
slow вей ар of dust on the furniture amd floor of а room. But the 
theory of the тада at which ephores more when а force drives them 
thremgh o viseous mediam. was already well known, owing to Stokes's 
law. From this law, measurement of the rate of fall of the fog ін 
cendimetors per second аз measured by ü little telescope Богшы on tha 
top обро of the fog, combined with knowledge of the force of gravity 
and the viscosity of nin, enabled Thomson іс calculate the size of the 
individual fog droplets. Dividing the Hal amount of water im the 
fog by the nmanmt in one drop рте him the total number of fog drops 
labs, amd] therefore the total number of negative ions, Н. А, Wilson 
ndded the refinement al auperpesing an electrse field on the gravita- 
tional Geld which polled tho droga through tha nir. Then, вя tho fog 
веё 02 to the bottom of the apparatas, it deposited На electric charge, 
which altogether, was lange eseugh to be measured wath ав electzosn- 
ater. Зо, dividing Ши total еһазро by the number of ins eompeosing 
it gave, as the charge of ome ion, àA 101—1 electrostatic unata, This 
was the first real meavaremnent of the eherge of àn electron, end ws 
the тайда quoted im the tables of physical constants when 1 became a 
кйш student in 1910, 
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Анна! that timè Millikan, who haa nlwuys bed a flair for picking 
strategically important subjecta to which te derote his investigative 
talents, undertook with Ын students a revaluation of the electronic 
charge. Sources of error in the fog method were well recognized: 
Fog droplets were not all the mma sive, thoagh measurements could 
only be made on those smallest ones which fell most slowly; alo 
droplets did mot ramais of constant size, smaller ones tending to 
evaporate and larger ones б prow; als there wore unavoidable com- 
wection currents in the air which modified the rate of fall of the fog; 
and some droplets might contain more than one ion. 

Milliken cleverly avoided sr minimind theae dilkeclties by mung 
only a single droplet of some relatively nonvolatile liquid Hike ой oF 
mercury, By ionising the surrounding air ін ав cloctric field he could 
pat varius dectric chargés on the гор. M[usninaging it by a powerful 
light and viewing i£ Like a star through a measarim teleseopa, ha could 
mensure iis rate of fall walor gravity and ita гай of rise when pulled 
upword againat gravity by an electro field, and keap repeating these 
observations for hours. These mensuremonta were во precise ihini, to 
stg эвий нан. he had to mogsune the viscosity of air with hither- 

t gnequalled aceur&ey. Wher all this was done, he had proved 
conclusively that all electrie changes are integral multipla of a fanda- 
mental unit changa, the electron, the value of which he st яа 4.774 
X107 electrostatic unite—abowt 40 percent larger than the earlier 
estimntes and believed by Millikan to be correct within nna part in а 
thousand, 

Within the past half-dozen years, however, dealt bea heen thrown 
on the estimated aceuruey of thia value from quite a different direetión, 
im work with X-rays. Originally, X-ray diffraction experiments in 
eryatale proved tbe géometrie arrangement of atoms in the crystals, 
bat did not extablish the scale of distances between ntoms or the X-ray 
ware length, "These distances, once the arrangement of abome was 
known, were calculated from absolute values of the weights of the 
atoms, whieh in turn were derived from electrochemical equivulesta 
amd the valon of the electronic change. Thus X-ray wave langtha, 
messa of atoms and distances between atoms in crystals all lad values 
dapendast ов knowledge of the charge of the electron, 

Recently, however, А. H. Compton, Bearden, and others hara 
succeeded in making momurementa of X-ray wave lengths by diffract- 

ing X-ruys from n peeing гам with 15000-20000 parallel fira lines ba 
the inch, and operating near the angle of gresing inehdemee, These 
maasureenants invelve only knowledge of the number of linen per inch 
on tbe grating, and the amples of incidence and diffraction of tha X- 
ráys—both depending only on messusrements of length and сара в of 
high precision. X-ray wave lengths thus measared wero а little Ай» 
ferent from the earlier accepted values, and this cust doubt on the 
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X-ray estimates. The difference was not lange, only about 1 part in 
206, hus li meant lber that experiments had not boon ая accurato na 
belierad or that there waa some unrecognized complicating factor. 

Bo Millfkan's work baa been repeated in various laboratories with 
refizementa, such aa the can of n remarkably nonvolatile off for the 
drop. But the chial error was found to lin in the measurements of the 
viscosity of йір, During the past year Kelletrop, of Uppanls, На thua 
pablished а revised "ол-йгор” datermimatinn of electronic charge ва 
ABIDE. S, U, which is іп excellent. agreement with the "X- 
геу" determinations, Bearden bas just presented his own comfirma- 
tion of thin agreement before the American Physical Society. 

It is ап interesting coáncidenos thet this inet value of the change 
of the electro m exactly the запа ая the Ggure given by Retherford 
30 years ngo, though then determined with an much less precision that 
nnt much eonfidenes waa placed in й, excopt as to order of гамшиг. 
14 was then known that the alpha rays from radiuns аға Бё ша aloma 
which have ket two alaetrona and are therefore dowbly positively 
charged. Rutherford caught a bot of theme alpha rays in ñ medal 
irap, measuring their aggregata elecisic charge with an éBeatreaseopë, 
and ooanting them hy the вий кШапа which they produced on 
striking & отесип screen or otherwise, Dividing the total charge 
by the number gare hlen double the electronic charge, which he thua 
хаја to be 4.8 > 1077 Е, Я.П. Already knowing the ratio of 
charge to шава with high ргойнов, thia value of ibe charge enables 
ца х the electron's mas as 0058 2x 16779 grama, 

ELECTROMAGHETIO MARS 

When we apak of tha mem of an electron, however, we anter к 
whole new field of ideas, Some years before the discovery of electrona, 
1.2, Thomson had pointed oat thet an elecizified particle will possas 
inertia, that is, гала, simply іп virtue of ita charge alone, irrespective 
of wheather or pot it hee алу masa of the gravitational typo which we 
have been accustomed із thimk of. Thin “wlectromagnetic" masa 
мела abeet from ike fact thet any meckenieal energy which ін 
expended in accelerating am eloctrio charge is transformed into the 
energy of the magneils field surrounding the electrified particle іп 
тігіне of Ия medien, In fact, tha зай energy of û moving бесте 
charge is found $e be simply the energy of its magnetic field and 
depends only on the equereof the velocity of dhe charge, the amount of 

and tho peometrioal shape of the charge. 

Making the simplest possihln assumptions about the shapi of ни 
ын such ий à lid sphere or a hollow aphorieal shall of electricity, 
and anramisg all ita заяа ta ba of algctromagnotic origin, the diameter 
of ari ос лнэ. was calculated to beof the order of 1077 cm. Лі muss 
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be emphasized, however, that this estimate of size is not, like the 
charge ond mess, m definite meagurement, but is simply an stimat 
based om swuimptioms, at beast one of which ёз quite uncertain. For 
while we bavo both logic and experiment to back up the assumption 
thal all the mass af the electron ін nf this анин origin, wa 
must confess to utter igmornnee regarding the shape of the electron. 
Indes], ace facta suggest that it may baro different шинэ and 
shapes in diferent environments, ай in the free atate or in an orbit of 
ап stom ar in the nucleus of ал atom. So our estimnta of JÊ am 
Tor the size of the electron Is, at Їнэн, very crudo, 
Tha idea af electromagnetic maa таа etrongly aupported Бү the 
fact that measuremsents of the mass of vary feat moving electrons, 
h müwsurements of the ratio of charge бо mass of beta rays 
from. radium or cathode тауа in high-voltage discharge tobar, showed 
Шил ihor mess ің not really n constant thing but inoresses with the 
speed of the electrop. The value of electron mama given nbovo 
applies, strictly spanking, only to an electron at тый. Practically, 
lowevor, № із accurate emough for practical purposes for electron 
аргал» below aboot one-tenth the speed of light. At (Ыз speed the 
elactpon'a miss із about half of ona percent langar than xf ЗЕ were at 
Test.  Atatill higher sponda, the mass increases more and more rapidly, 
киши чин ы Кири den ead iier ti 
Thesn facts, experimentally determined, were shown by Abraham 
to be of the type expected if tha entire mass of an electron is ef eleotro- 
magnetic origin, due entirely to Иа electric charge. It was this 
argument, which Һая since тості confirmation from other directiona, 
which waa the basis of the theory that ай mass, that iz, ай mattar, ia 
électrical. However, the simple tlectromagnotic comepis were not 
quite adequate t give ша accurate quantitative interpretation of 
Шыға experimenta, and it required the additional introduction by 
Lorentz of the concepia of the special theory of relativity to bring 
about complete interpretation of the experimenta. 


THE ELECTRON AND QUANTUM ТИ 


T Ma ura балға ктын SEN В БЫ ae 

of electrons, in addition to their charge and mas. We know that 
they аго also tiny magnets of strength equal to the basic unit of mage 
пее moment generally called the Bohr magneton, Ones the electron 
had been discovered, it became natural to seek іп it also the axplani- 
tion of magnetic phenomena, since it was cely necessary Lo айаш 
that the electricity of mn electron is whirling about ав axis, and the 
elcin becomes endowed with the properties of a tiny шидтэй. 
Parsons, Webster, шәй онға халпы the possibilities inberent in 
varinus аялалд configurations, with intercsling rill, But if wos 
only with the intreduction of the quantum theory for the interpreta- 
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dem of atomic sireeture and Bpectra that the magnetic character of 
the electron bas within the Їнэ! dozen уғата, been put on n well. 
established basis. 

The other thing we know is perhaps the most unexpected of all tha 
electron’s propertice—it bebavea Шо à тата when it collides with 
other objects. Darman and Germar discovered this im the Bell 
Laboratories, while cxnmining the way in which » beam of electrons, 
ipeident on m solid surface, wma scathered or rediectad by it. Thay 
found, if the surface wara eryatalline, that the electrons were scattered 
just like diffracted X-rays, but that, unlike X-rays, the wnve length 
ой am Шесігев is поё fixed bul танаа inversele ва ita speed J. J. 
This ваз, (3. P. Thomson, bas made very illuminating studies 
of thia Phenomenon, whioh ja the avare of the Старо авын 
together have given рікуісізіз iwo шина: “Parti тё 
т Hike ан" und "Hore be би 4ы- 
tron; long may she wave." Оре of the triumphs of the new wave 
inechankes {в brand of quantam mechanies) is that it сага а medium 
af explanation of these strange phenomena. But my subject of the 
esira is too long іс lot mo attempt a digression on wave 


SIGNIFICANCE ОР THE ELECTRON GONGEFT 


With this sketch of the electron itself belare us, le& us turn to some 
af the more important directions in which the electron bes given us ап 
interpretation of the physical universe generally. Immediately were 
explained the phenomena of electrolysis and of ionization generally, 
for inna were simply atams or groupe of atoms which had gnined or kat 
опе ог mors electrema. Primary chemical forces were oxplalned һа the 
шіһсітеніліін abiraction between atomic groupa which, reapectivaly, 
conbabned am exces or а deficiency of electrons. [The more refined 
interpretation of chemical forces within the past Ба довел years, by 
Pwuling and Slater, has been based upan the quantum theory of 
өшнеде аїлчэг ий 1 

The threo ypes of raya from гай га үй майдан were interpreted: 
alpha raya aa helium вата which had lost two electrons; bala raya аа 
electrons; and gamma mye mi X-ray-hke mediation. Іп fact, Mes- 
querel showed the magnetio defection of bein rays in tho saine year, 
1807, that Thoesson showed the magnetis deflection of cathode raya 
und izterpretad them ns electrons. 

For many years (wo unexplalned pheneenena had been studied in 
тамы, When highly heated or whan illuminated by оч Egbt, 
metals had been shown to emit өршіте electricity, ТЕ was the work 
of hut теш, after the discovery of the electron, for J. J. Thomson 
and his papilà to ahow that both these phenomena consist in the 
«вшин! electrons. Ний by what mechanisns ara thay thus emitted? 
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That was a question the study of whieh has Ded to most important 
theoretical and practical comequences, 

Richardson, fired as а pupil of Thotison aod then ва а ргооаыар at 
Prineston in the early 1900's, developed the theory of thermdonke 
emission of electrons, according to which the electrons are evaporated 
from the surlnce of a medal at high tamperatures by a process тогу 
analogous to evaporation of molecules. ‘The electrons are assumed to 
have the axmo distribution of kinetic energies that molecules posses 
ы the same temperatare in accordance with the principles of kinetic 
theory. Ther escape from tha gurines, if thay reach it, with amengh 
energy to take them sway in spite of the attraction tending to pull the 
electron back into the medal, ‘This sttmotion is expressed in багтаа of 
the now famous "^werk-funestion," a sort of latent heat of evaporation 
of electrons, which ін the work that most ba dono to got an electron 
lear of the warface. ТҮНІ these simple assemptions, ап equation was 
darivad tar the raba af анаан of Шызтейу na қ funetion of tempem- 
Lure which bsa stood the test of тра aa wile û Tange of experimen- 
tation ss any other equation of physics, a rengo of values of more than 
a million-million fold im current witheut any detectable departure 
froma the theory, if this ig properly applied. 

Бичиг ой шалгалаа of the “work-funciion” of various 
балай showed that thes таны run closely parallel with one of tha 
longest known but lenst understood properties of motels, namely, their 
тае potential properti Ву contact differance of potential is 
meant tbe voltage difference between the warfaces of two motala whin 
they аге plated im contact. Exhinissn found that the diülerenca 
between the "work-fursison^ of two metals wna, within the limite of 
ешим af the data, the same ав thiir ëenntaet diffesenee of patential. 
На therefore proposed tha theory that tha contact. potential property 
ef a metal zs dilinin scunply by the work necessary іс FETE ап 
electron, from iis өштіксе, 

As beginning grudunta student onder Richardson in 1010, 1 was 
given the job of undertaking a test of this theory through experiments 
sn the other electrúr=aratttng phasqmanca, tha phaotoslectrse affect. 
Einstein à few тайга before had proposed hia famous рїоцо хїї 
equation, which was x contribution to physical theory cariainly bom. 
parable in importance amd thus far more шәйі in its applicatione 
than his more impressive and wider publicized general theory of reln- 
tivity. According bo i, ап аан in û melal шау receive from the 
imeblont light an amount of energy proportional to the frequency of 
the light—to be оюы, an energy equal to Planck's eomatant A times 
the frequency ж. If it escapes from the motal, it must do an алс 
of work w іс get away, so Ыш Ма kinetic energy after escape from 
tha тайл! would be the difference Аква. Obviously, by measuring 
isa kinetic energies of electrons liberzted from various metals by 
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iht of various Erequencies, 14 should be posable io find out Ы the 
eee different metala ara indeed related to their 
contest differences of potential in the manner predicted by | 
көген Шоу. | 

In two papers, by таа in 1011 and jointly with Richardson іп 1912, 
it was concluded first that the walas differences of polenlial are 
related to the “work-functions аа Richardson had predicted, 
and sondir thet Einstein's photoelectric equation, rather than n 
rival Насер then ender discussion, properly described tho facta. 
Frectically simultaneously with this second paper, there appeared 
the report of а similar verification of Einstein's equation by A. L. 
Hughes, then in England, though lacking the quantitative connection 
with contact dilIerunces of potential. 

This early work wee noi very accurate, partly because of lack. af 
geod vaeumm technique for maintaining untarnished surfaces in a 
vacuum, partly through lack of constant sources of ulirwriolet bght 
acd portly because the ultraviolet apeetrographs esed to isolate the 
зав wire lengths of light рате à certain spectral impurity of amt- 
tered ght of other ware lengths. These sources ol error were reeog- 
nized bui nob overcome whea Milliken, in 1016, mada а striking æd- 
wines by using doubly purified light or otherwise correcting for tha 
eects of impurity, and secured в verification of Einstein's equation 
which was far more aceumade than the marie work ns regards the 
таша of Planck's constant ñ. In fect, Milikens work remains to 
this dey ља one of the best determinations of this important constant. 
Ек regard to the “заг шиг ин," however, this work of Millikan's 
wie noA en éueoessful, for, after having apparently discovered fects n£ 
ananos wilh Бал нэ. interpretation of the equation amd its 


In both thermionie and photoelectrie effects, theoretical refinements 
һата bean introduced br the recent quantum mechanics, and great 
advance: made in experimental technique. However, it m fair to 
say thal their interprolations on the alae tren Шинэ have boen among 
the major achievements of this theory, 


CONIHICTION OF METALS 


While we are on the subject of electricity in medals, what constitutes 
ihe phinomenon of мау Dow of aleetrieóty thet ін Шы dirtmpusshi 
feniure of metals? J. J. Thomson a£ osoo suggested that this muss be 
dua to the exister=ee lr matale of electrocn fren fros thir parent atoms, 
moring realy, except for callidbena, whenever an electric field waa 
applied in the metal, The theory thus worked out wan nttractive, 
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but it encountered inconsisbeneies. Thera was not even any real 
wridence that electricity in metala waa condiscted by aletraea. 

Then slong came Tolman with one of his brilliant ideas, #kilšully 
followed by experiment, It hed earlier been suggested that, whatever 
are the carriers of electric current in metals, it авга be possible te 
contrifage them toward tho periphery of à disk if thin were rotated 
тету rapidly about На axis. То be more specitic, if electrons are free 
to move in metals and if a wira connects the center and the periphery 
of the rotating disk through lightly pressing brush maladia, electrens 
ahowld be thrown out of the disk at ite periphery and pasa back into 
the center of the disk through tha wire. It would be rather analogous 
io в current of water driven by ú centrifegal pump through a pipe 
cireuit. But all attempts to detect such currents proved futile, be- 
сална the currents produced by tha friction of the contact against tho 
periphery were far langer than the currents to be expected from the 
апі орар of electrons. 

Bat Tolmin devised two mathoda of giving powerful accalarations 
te metal conductorn in such manner that he woe able to measare the 
forble electric eurrenta that were produced as the carrion of electricity 
іп tha matal wara akaken bask &nd forth, asd his calculations slowed 
that these currents were indeed of the size to be expected if the current 
ia carried by electrons. This la our direct evidence that electrons 
carry the electric carrent in metala. Thè mochaniam by whieh ет 
do this is now beginning to be disclosed by Slater, om the beris of am 
application of quantum mechanics and spectroscopic idens to nsetals, 
and again is an example of the refining power of the quantum theory 
to succeed where older classical theory woe gropingly wapzeative, but 
inadequate, 

STRUCTURE OF THE АТОМ 

Now that I come to the most basic of all the phenemena which the 
dloctron has boom called upon to interpret, I almost lose coumpn, for 
the subject is too vast and complex for anything but eaeyelopaadic 
treatment. І refer to tha strecture of aloma. Previous ta the dis- 
covery of the electron, ШоғаПу nothing was known of the internal 
atructure nr enmpeaitien of toma. With this discovery, bowevor, it 
immediately became evident that all atoma contain electrons and an 
equivalent amount of positive electricity in soma form. It was again 
J. 4. Thomson's genius which bogin the investigation of the inner 
atom. This was only about 25 pears ago 

"Thomson reasoned that, if X-rays were made to fall ой any sabs 
stanee, the olectrüns in the atama of the substance would be forced te 
vibrate back and forth by the powerful alterusting electric богова in 
the X-ray wares. Dut, lm thus vilenting hack amd forth, these єє» 
irons would re-radiate secondary X-rays in all directions, Fle galen- 
lated just what fraction of the original X-ray energy ought ta be Шин 
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ri-ridiated by each сіесігоп, and then pet hia pupils to measure just 
er as аным From the esperimental 
resulta he was thos able to calculate the number of electrons which 
the re-vadiation in быһ emsa. Тіней Temalim ішібгінімі 
that tha number of euch acting elecirüns in cach atom was about half 
the value of the chemical atomie weight of the atom. Thus first were 
©зше. the elscirems in gı mbit. . | 

Rutheeford and his pupils, abled by the mathematical analysis of 
Darwin, tackled the problem. from a differen’ pont of view. They 
нішізні the distribution of deflection of alpha particles, shot eut of 
redinncdive Баман, ай thosa alpha particles traversed thin sheet 
of solid material. They found that this distribution was qusnis- 
tatively what would be expected И the deflections wara produced by 
ordinary dactrostatic forces, varying ая the square of the distance, 
between the alpha particle ond a very small object containing most 
of the mass іп each atom. Ther were thus able to show that this 
вла abject іа not mem then one ten-thosskndth of the dinmeter of 
the atom, that ің contained substantially all the mass of the atom and 
that it carried в pomtive electric charge equa], im alaetromin units, 10 
abest half the chemical ütombe weight of the atom. Š 

Thus arose ibe concept that the atom is composed of a positive 
nucleus of sall dimensions, surrounded by electrons 40 tha mambar 
al about БАН iba siomi: weight. 

This had scarcely becomes established when 14 was brilliantly refined 
and extended by Moseley, just before he went ta Ша entimely death 
in the Great War in 1914. Mossley had mado n moet ingenioma study 
of the spectra of X-rays of а large number of the chemical elements, 
waing a шо бес of the ЖХ-ғау spectroscopy technique developed 
br the Hrga Ha found that the square roots of the frequencies of 
the eharseteristie X-ray lines were numerically very ашарїх related 
to the number which gave the place of the element im the perdio 
table of tho Мөрөн, as usaful to chomiste bat so entirely without 
explanation. Thus this number acquired а definite physical mgnil- 
сагы атый ія now wall хуу ая the "abeamie namber," 

For ай the elementa heavier than kydrogen, this atomic number is 
about hall dhe atomis weight and, із make а long story short, this 
atomic number turns oat to be exactly the sumber af electronic unita 
of charge am am atomic mueleus, or the number of electrons іп Ше 
atom outside the neces, At tho same time, Moseley's work proved 
іə Ба cea of tho үгээ са! advances over пей in the Балар inberpretivé 
side of chemistry, 

Now that tha number of electrons іп cach atom waa known, the next 
step was to wonder how ther were arranged, what held theen in place 
nod what ther wer dorm im ther spare time. — mugzesions were not 
alow in coming. In fort, even before Мон ву n work, two rival theories 


had appeared, one devised by chemast Lewis and extended by Lang- 
muir to &xpluim the directional symmatries of nioma ан indicated hy 
their molecular combining forms, and the other devised by physicist 
Bahr іс account for spectra. Gradually the Bohr theory has beca 
developed ts meluda the &xnamétriea of thee Lewis-Langreuig theory, s 
that both may ba anid to be marged, with many major additions to 
numerous $e neenon, 

It waa Вог” bold ponies to casi off seme of the fettera of classical 
mechanics, which hid been fairly well proved inadequate to meet the 
Situation, and to devise a new mechanics frankly to mort the simplest 
known [sets ef atomic structure and apectroseopy—ihe hwdrogen 
atom and the atomlo hydrogen speetrum. In doing во, be at one 
Binke brought ішін the seme рісінге the quantum they of radin- 
tion, the elecirozüo structure of the atom тыгай the fncts of specirescopy. 
He lud his eleciron moving in в cireular orbit mreund tha macham 
under the regular laws of electrostatic attraction and сепігішені 
force. Tat he stipulated that only such өтімін were posible im which 
the angular momentum of the electron was an integral multiple of 
Planck's constant № divided by Zw, Не also stipulated that tho 
сігсігтнің should mot radiata energy while revolving im thelr orbits, 
bat only when they jumped iram ena orbit to another, In thia cass 
the frequency of light radiated was equal to the change of energy of 
the electron between the two orbita, divided by Planck's constant A. 
With these аяар, the spectra of hydrogen und of ionized halis 
were quantitatively explained in their main features, bui nat in their 
iner details. 

Ther came the Great War, and wo heard Hile of atomis stracture 
in the United States. But in Germany, Sommerfeld waa extending 
Bohra ideas in most intereting waya, Не showed that, by considering 
elliptió ва well ал сіта ағым, авд taking account of thé virialiom 
of the electron's moss with speed, the fine details ва well ав the main 
features in the spectra of hydrogen and lonized belium were accurately 
explained, Ho ales showed how the theory could be extended to deal 
with aboma where therm were many electrons moving in orbitas. He 
showed that these additional concepta were in the right direction to 
explain the more complicated spectra both in the visibla amd in the 


X-ray mone 
SPECTRAL LINES 


When this new werk fret was krema in America, авара the moat 
fewerish and earnest scientific activity that the country hia ever 
kerma, which ix still іп progress with undiminished geal ond with 
inaréñšing Productive агоны. I well remember when tho sab 
copy af Sommeriekl’s Atomben umd Spectrullinon comes to America. 
in the possession of Prof, P. W. Brideman, ШШ later copies arrived, 
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he know mo peace and enjoyed mo privecy, for he was besieged hy 
friends wanting to read the beok—which he would not allow to go 
out of his possession. Î recall, too, the sudden popularity of the only 
tro аг ñaw шин in Да тім kare кіші e фонд oni н 
Heretofore, preciieally our кивгсай. Eñ ардаа ч n 

culinary variety of spectroscopy көмі hy chamisis in identifying 
ehamical elements, No interpretive quality to speak of had hitherto 
been attached to the peculiar mumerical regularities which had been 
disevrered im the vibration frequencies of groupa of spectrum lines, 

I recall, too, the dismay with which we found only а handful of 
mathematica] physicists versed іп the analytical dysamies underlying 
ihe new мәлпіг structera theories. In the summer of 1821, having 
been taught by one of these fow mathematical physiciata, I went Vo Ше 
University of Michigan to lecture em Sommerfeld's theory, and found 
here also F. A. Saunders, invited to impart his knowledge of spectrum 
arisa. In tha winter of 1926, Born asd Jordan having just announced 
a new development im quantum mechanics, I found more (ham 20 
Americana in Gottingen at this fount of quantum wisdom, А year 
later they were at Zurich, with Schradinger. A couple of yours later, 
Heimanberg ni Leipzig ace then Dime at Cambridge held the Elijah 
mints of quantum theory. Em Amarien, contribution are coming 





particularly in the fields of application to chemical inter- : 


rapidly, 

pretations, metals and other complex sitastionac 

~ Fem all this haz come the gituation which permitted Diris, i Tow 
"wears ago, bo тн "The underlying physical laws necessary for the 
mathematical theory of a large part of physics and the whole of chem- 
istry are thes completely known, and the difficulty ia only that tha 
exact application of thee laws leeds to сауал Шап mach oo complicated 
бо be soluble.” But if any ambitiows young scientist. be discomraged 
list Шеге Ба Не left to da, let him eanssder the unexplored abomie 
nucleus, ог the fact that every attempt to apply these lawa, which 
EET иши PE ии аи ы Шатыр 


Time forbids mention of the reat interesting work which was Swa ' 


bo check and extend the theories of atomic structure, through direct 
meaner ment of tha energy states of aloma and malssulss by carefully 
болғай bombardment of theese molecules by electrona. Began by 
Franck and Hertz in Germany, much of this work was dene in America 
by Foote and Mobler at the Burenu of Standarda, by my atudenta wt 
Princeton авд by Tate's group at Minnesota, all size 1920. 

Delore leaving the Interpretive ігішпрһк of the electron, however, 
I ennnot refrain frees jumping from the atom to the universe, to the 
interpretation of conditions оп the stars. Spectra of stare had long 
меп known, and then were interpreted es indicating that some stars 
гопан principally of hydrogen, others af helizm and others of many 


жж ааа 


chemical elementa likeour вий. But in 1022, а young Indian physiciat, 
Moghnad Saha, first applied atomic structure theory and knowbedge af 
innaring рена аја to the ean and stara. На сов етой ынган: їп 
the bot vapors of the stars to be like а chemioal dissociation produced 
hy head, im which the producta of dissociation nre electrons amd tha 
posiive кіс тайда of the atoms, amd in which the heats of dis- 
Бьчл ол are given by the ionizing potentiala of the stema, Im thie 
"ay тая developed в rational quantitative interpretation of stellar 


жне кили бийс paar МА the problem of conditions 


Аепарегийшге, and condition ol tha һапщыгсай alomenta in 
Баг. Коза іп America amd Milmein England have ably applied and 
extended thia theory. 


THE ELECTRON ІК INDUSTRY 


Finally, 1 come ta tho last phase of my subject, tha sosial signifi- 
tamen of the electron, Ву this I meen, of pirsa, Ия useful appliea- 
tions, Тін fret of these was Edison'a invention of a &hermianio reg- 
tier, based on his diseovery that megative electricity would flow 
across n vacuam from а bot filament to am adjacont electrode, Їн 
would not cow in the opposite direction. ‘This waa some years before 
the electron wee discovered sa the responsible agent іп this phenom- 
enon. But within a few your altar the discovery of the desiran, 
Fleming bad shown that this same device will operaie to rectify 
radio wave impulss, amd thos permit ther detectson with в sensi- 
tive direct-corrent inetrument. From this wee polented the Fleming 
таго. 

Ороо the basio character of thermalonie «на ол wus undarstosd, 
and врим on hy tha apperimunitisa opening up im tha radio field, 
new inventions, improvements, and applications of thermionbe devices 
came rapidly, Of major importance wna the throc-olectrode tube am- 
тет of De Foret. Industrial research blaboratoriea im the oom- 
manicationa and electric manufacturing business took tho lead in 
developing techniques and us penetrating кішкене exploration. Neis- 


woriby were the vacuum techniques and the monomolecalar layers of 


activating materials developed by Langmuir and the high-racuum 
thermiozde X-ray tube of Coolidge. In the Bell Laboratories, oxide- 
enata Alarmant tubas of үүн performance werd davelogasl and applied 
particularly to use in long-distance telephony. Let mae give just га 
illustrations of the marrelows powers of some of thess instruments. 

It has been багш! йг that the energy of à trans-Atlantic radio 
signal caught by the receiving station in Newfoundland comes in at 
або the raite required to lifi a diy 7 inches ін в year. 

What is the largest number that has any physical significance? 
This m imposible to nnswer, being largely n matter of de&nitinn. 
But one common answer to this із 10'5, or one followed by 110 


sigan. hs дон ба хамаг маны ul ga 
knyga) whieh woeld be required to fill up tbe universe to the grent 
өм. distances discovered by mironomy, if the electroma could ba 
to be closely packed side by mda to fill up thia whole spass. 
Yat this nambar, large ns it is, is vary small indeed compared with 
the aggregate [actor by which the energy of а voice striking в tele- 
phone trensmilier in San Franelséo is amplified by electronic tubes in 
ا‎ ee ee le ce A 
This amplification facior іа abou 10™, of unity followed by 256 
ciphers. I the universe were multiplied im шал by the musber af” 
times it ia largor than an electron, it could ЗАЙ not hold as many 
electrons as the number of this telephone amplification factor. 
Then, mostly within 10 youre oreo, haa come an active introduction 
ef therzsjenie daria which аға mot highly evacuated, but operate 
wiib supplementary пора of intense ionization of the Eê in the tube. 
First of these were the low-voltage aro recdifiers, like the ungar. 
Meat interesting and versatile are the thyrairens, which permit easy 
contre of powerful сатрап ба and machinery, amd give a new means of 
жаған alternating late direct current, of vice versa. Іп this 
greup alas аға аста ef tha new ippa of lampa, af high offieianey or 
ярих! 


ёо, 

Мой во skrikimg, bud equally interesting, have been the төге! appli- 
talon of the рането dieci Firat was the use of sensitive 
photoelectzic cells фо replace the gyo or photographic plate in astronean- 
ial ielesenpea. "Them eame мына Ша raetars, devices $e apen doors or 
count poeple or met marehandias autematically, or to register the 
spend and lens member of the unwary autori. Most important 
thus far are the current-prodecing mechanisms in the sound-movia 
apparatus and in television equipment. 

While, commercially, тїйїп, sound moria, ал long-diktance teleph- 
ony аге ай present of greatest lmipertance, of no less importance, 
eepeciay Lo us as seientista, аға tha marvelous tasla which have biin 
pui into our hands for further research in semis every йн at 
science, from physics and chemistry to peychology nnd 

Sa we вов how, within one generation, the electron bes been dis: 
covered and examined, with its aid our intellectual outlook upon the 
universe has expanded in content and simplified in basic concept, nnd 
im ita use mankind has the mest versatile tool ever utilized. “Tha 
eed of the story is far from told. Every füct or relationship of the 
elactron &ppears fuzzy with uncartalnties when ckeely commised, for 
it ean truly be said thet avery discovery discloses a dozen new prob- 
lema. The Бай of practical and commercial uses of electronie devices 
is certein|y still largely in Ил early stages of exploration. 

Pirr какие зы Banner a number of сатаев әса 

ef scientific work, some of which T shall simply enumerata: (1) prog- 





reas comes by spuria of advance ая some big new iden opens up mow 
&erriiory, üuliermating with ponods of consolidation; (2) progress 
come not by revolution or discarding of past keowlodge and experi- 
ence, Lat is belt upon peat expessence and ін Ия mater) extececon 
ones the vision from mew vantage Points is aetumed; (8) there is 
nothing so practical in Ия values as accurate knowledge, nnd the 
pursult of sach knowledge has bom mest successful whon not Tettered 
with the initial demand that it ba directed toward practical апав. 

І would noi give the impression thai abis only the electron which 
has given mew lo to modem physical weience. A story of simalnr 
indent could be built йшй the mie nesha of rediation amd 
аш eman as axpressad іп the quantum theory, or about the 
eleciron's big brother, the proton, er Ша rather по ер cousin, 
the neutron. In the niomic nucleus m n feld of furthor exploration 
of enormous promise, mow only beginning із be opened wp by use of 
radioactive materials, cyclatromm and high-voltage generators. 

Although these things hive happened very recently, mo one Бая 
better described the рточея and intellectual value of thia type af 
scientie rıh than did Aristotle іп the quotation which is 
inservbed in reek on the Ёвсал26 of the Маёхнын| Academy of Sciences 
balding in Washington: 

Таз search fer ЕРЕЛН [a ін ара тағ himi and in ана аг алар. for PH da вле 
that zo nne xam mater Tt fully nos шин ii heli, Тыл sah adda a Hattie te cur 
ing эд cf Март, and from alb fhe facta влак thero ache a сєгап 





PHOTOGRAPHY BY POLARIZED LIGHT: 
By J. W. МСРаваккв 


| [With ñ plates] 

We аго blind to some of the most beautiful phenomena іп the 
domain of light. Char eyes respond naturally to differences Из colar 
али! im intensity ef light, asd it ia by these differences thai we nre 
able te sen the world around us There is another property in which 
light. rays miiy differ, but our eyes, wanaidd, cannot aee those difer- 
tate). This property ін called polarization, and la oneermed with 
the manner in which the light ray vibrates, Were we abla to aee 
unaided them differences in polarization, we would be conscious af 
n dark wide band across the aky, вога іһтійЫҺ We would also 
же oblique reflections darken, and we would ses bemutifal color 
ома in some common transparent materials, 


ч WHAT IB POLARIZED LIGHT? 


While the nature of Bght is not entirely understood, many of Па 
effects can be explained by пвахппйпр that light is n vibratory motion 
which жоға through epee im the form of woven. Among these 
effects ів the polarizntion of light, The vibration of a light ware is 
nod along the direction of the ray, ая in the camm of anumd, but is at 
right angles io the ray and usually in oll posalblo directions, that is, 
up and down, sideways, ote. IL ia posible (br various deviewa 
generally known ка polarizers) to change the light my ва that әтір 
ome direction of vibration is left, The ruy is then said to be polarized, 
оғ strictly &peaking, n - zad. 

А mumber of polarizing devices have been known to scientific 
workers for many years, bat they have involved the use of prisms 
having а very small field and unsuited to photography. ‘The inven- 
thon which makes the Pola-ereen рәшіМе ša û polarizing aubetameó 
im sheet form eentalnimg counties minute, rodlike crystals which 
йге parallal to engh ther. The Eastman Pola-screon type I incorpo- 
табса this sleet materinl cemented between glam plates. 

ТЬе vibration plane of the polarizer ін parallel to the vibration of 
the emergimg rays. In the Pola-sereen, the direction of the vibration 
"Нартай by pers fum РТА 
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ia given tha engraved lins on the indicator handle, In 
м light ia coming from che laf Iti vibrating in all 
directions, Tt then passes through the polarizer at the left, the 
vibration plane of which happens to be vertical. The ray ів polarized, 
vibrating in а vertical plane only. 11 this polarizer bad been placed 
with ita vibration plane horizontal, then the rays would vibente in а 
لواد‎ sl 
ТЇ a месті polarizer ін placed іп the path of light which bas left 
the Giret polarizer, azcther interesting property ін henught out. 1f the 
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vibration plane of the second polarizer is parallel ta that ef the first, 
iba ray ja transmitted freely, зїй vibrating im the same plane, ва 
shown in the upper drawing of figure 1. The polarizers аго then said 
to be рагай]. But if the second polarizer ia rotated, the intensity of 
the light ia рта ашу ешь down, and when the vibration planes of the 
two polarizers are af right angles, as in the lowest drawing of &gure 1, 
practically no Light ін allowed through. The polarizers аға then seid 
tà ba moma 

Thes properties are summarized in terma of а Pola-serecn thus: 

1, Light &ansesitted by a Fols-screem vibrates im а direction 
parallel to tha isdieator handie. 

3. Thin direction of vibration rotates aa the Pola-scroeen is rotated. 
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З. Light already polarized will pass through a Роа-асмав meat 
freely if the ray is vibrating parallel бо the indicator handle, 

4. Light already. polarised, which vibrates at right angles to Ши 
indicator bundle, will not pass through а Pola-screan. 

We can appretiate these peculiar properties, if we arrange two Роа, 
scroems together, ан in plate 1, so that the vibration planes йге parallel, 
as indicated when their handles ure parallal to each other: we ses that 
light ін transmitted freely. И one Pela-screem ia turned so thai its 
handle ša st right angles to the оер, practically na lacht is tranamaitted, 


TEE SOURCES OF POLARIZED LIGHT 


It is now evident that we have ù tool possessing unique роза Нее 
in controlling light, As the photographer is tery much concerned 
in comtrofling light, this is naturally interesting to him, "Tha value 
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af this now device lies in the faot that его are (wo sourees of polarized 
light in natare: (1) Ordinary, unpolarized light, speeularly гой ведь 
from any nenmetallic surface аб ahout 827-817 to the өшін, ia 
sirongly polarized hy the act of refleetlon, as shown in figure 3. 
There із some eifoct 04 other angles, but mone at 09 ar фо, (2) The 
light from a blos sky, which comes trom the region ші right angles to 
tho sun's rays, is strongly palarisad, вл shown іш figurn 3, 


POLA-SCREEN AT THE LENS ALONE 


Simen light rays which are reflected obliquely are polarized, thay сап 
be stopped with a Polaserean, and we cun Photograph obliqualy 
through glasa or water in such а way that we subdue the surface 
Midlections to show datail beyond, Tha light from the detail beyond 
the surface is, in general, not polarized, amd therefore will be trams- 
mitted by the Pola-screen nú the lens which ûi tho zama tient will atop 
tha light reflected at tha surface, 


OBLIQUE REFLECTION CONTROL 


This property baa direct application to photographing ator windows 
where their design ia such that an oblique picture 8 desirable, as 
shown in plate 2. 
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The photography of floorings is another sphere of wsefulness. Tha 
refisetion of windows and light colored walls are frequently trouble- 
вош. Tha pattern in linoleum floors ший the grain in wood floors, 
as shown із plate 3, enn bo brought out in в very striking manner, 
Te so happens that the angle normally used by the photographer in. 
photographing в Hoar оғ floor covering із such that the Pole-ecreen 
Es very всуе. у р 

The Pola-creem baa а number of applications in architectural 
photography. It aceasicnally happens that a building is to be photo- 
graphed late im the day, and an undesirably bright obligas mflectaon 
from the low sum partially biles detail {в an exterior wall. The 
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Pola-wreen cnn subdue this reflection to show the detal desired. 
Reflections from tile and slate гооЇя eam frequenily be eubdued жа 
дед. же, 

Amother application concemed with oblique reflections is іп sub- 
duing reflections which are distracting or harmful to best composi- 
tien. In phetegraphing motor cars, it is generally desired to subdue 
to soma extent the phessy reflection [rom the sides and tops. Ая Шш 
motor car is frequently photographed at an angle to the camera ахи, 
considerable eantral of uah redactions la possible (pd. 41. 

бо lar wa have considered only oblique reffecikons over which боп» 
iral can be exercised with a single Pola-soreen at the lena, ‘To aum- 
muarize— while many reflections are desirable because they reveal 
texbare, form, али! position of objecta, reflections should be and can 


ы 


"агь 





PHOTOGRAPHY БТ POLARIZED 1.0 НТ--МсРАНГАМЖ 200 


be avoidéd in the following cases, if n single Poln-aereen ін wsad at tha 
lens: (1) Photographing obliquely through glass or water; (2) photos 
graphing а surface the detail af which is &beeured Бу oblique гейес- 
беша; (3) photographing where bright obliqua reflections interfore 
with good composition, АП those сана of oblique redection control 
apply to monmetallio surfaces 


НЕТ CORRECTION 


ing the brightses of tha aky is anathar Geld of usefulness 
of the Pula-screon as mentioned before. There ів a band in the sky 
from whieh the light is strongly polarized, This band is nt right 
angles t the um's тауа, as shown «diagrammatically in qurs 3. ТІ 
wo imagine the line from ourselves to the sum ns ап ada, this band 
forms n wheel im the sky aroumid this axle, with us at its center. 
Therefore, of munrims the hand is north, overhead, south; at noon, 
near the horizon in al] directions; and at sunset, north, overhead, 
south again. The band swings from overhead went during the morn- 
ing, from east to overhead in the afternoon, passing throagh өтегу 
рагі ûf the sky. Tho band is sufficiently wide to provide à baskan dl 
in ordinary photography. Bocuse the light from this band is polar- 
ized, we can diminish the brightness of this part of the аку conalder- 
ably with а Pola-screen at the lane, The indioator handle of tha Pala- 
screen provides n simple кавала of setting the Pola-screen for maximum 
effect. When this indicator handle points directly nt the sun, that is, 
when its shadow falls along Ива, tha darkast akar ы obtained. Ma 
effect la obtained when the camera pointe сар to the sun or directly 
away from it. Pola-scresn control, of coarse, applies to а clear Ний 
sky, кә the Pola-sereen hea no more effect an aky completely obscured 
by clouds than does а color filter. 

Tha question arises, how does this method of darkening the sky oom- 
pare with the use of yellow or red filters? Granting thet the pistara 
to be taken is in such Зэс са with relation te the sun that the Poln- 
screen applies, tha use af the Pols-soresn has two advantages, Тіс 
БЕУ only ін affected, since the light coming from the foreground object 
is net polarized, “Therefore the monochrome rendering of the fore- 
ground object is mot л ос ой, аа shown in the photograph of the yellow 
brick building im plata 5. This rendering сан be very seriously 
affected by the use of yellow or red Altes. Yellow or red brick build- 
ings, faces, and other chjects reddish in color, photograph unnaturally 
light; blus objects photograph unnaturally dark when deep yellow or 
red filters are шені. The second advantage із favor of the Pola-screen 
is that the efort is variable, Бу merely rotating the Pola-screon at 
the lens, any affect in the sky, from very light to very dark, may be 


= . obtained. 
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The Polisman may be used with m color filer, ІН wo йге willing 
io sacrifice seme color rendering, we can obtain sky effects similar 
Vo those in infrared photographs, on ordinary panchromatic materiale 
by xing the Pola-sereen with n red filter, In somes respecta, such 
photographs are preferabie сале the trees and grass are not rem- 
dered extrensely light ав іп the case of infrared photographa. 

Pols-screan offers the only known way of obtaining dark aky effects 
in color photography. 

Paine the ко Мааш mais with dhe Pola-actan ын ob 
tained with the dark bloa sky as background when objects are photo- 
graphed in natural color. When we look nt objecta, such ва blossoms, 
trees, buildings, cbe. agains the sky, ordinarily we sanset fully 
appreciate their colors because the aky ін very much brighter, and 
cur eves bend to seek the lighter parta of the кепе. When, however, 
the sky із darkened, many things assume в new and sirangs beauty. 
Many subjects are rendered actually lighter than the sky background, 
во thet our attention is no longer diverted from the ва ес! but із 
drawn $0 it for a full oppreciation of ita color and form. The Fals- 
screen type LA riiber than the type I В recommended for color 


ор ai ORE Ee, Ae Sasa omo 

the lens alone, For Шынға applications the exposure ineresse ін about 
four times for the type I Pola-seresn, адкі nbout two times for tho type 
ТА. Thee factors apply irrespective of the angular position of the 
ВБиа-ағетап. When wed with а fellow or red filter, the typo I Pola. 
ығбап faster will ba batumamn two and four, which should be multiplied 
by the factor of tho filter, 


POLASCREENS OVER LENG AND LIGHTS 


Wo shall now tum io effects obtainable with в Fols-scmeen at the 
lana and large Pela-seeeema at the lighis To understand these 
aasma, Іні на annzidar for a ташин the nature ef the light reflected 
by mast common objecta, "The fight reflected from most surfaces 
тенікшкік of tung puris which ате теу kee ak tha apecular алы 
dius eampansnie. The specular component. forma what we know 
пк ploss amd enables ив bo see merge or less distinctly ап image of tbe 
source of light. Light reflected from polished metallic articles is 
атан extirely specular, whereas thet reflected from chalk is almeat 
entirely diffuse. The diffuse component із reflected without glosa in 
all дупо. 


Kaw, if the ray of light. which is illuminating the subject is polar: 
ied, the reflected rays which Farm tho specular component nre still 
polarised, but the rays reflected dufusely are not, ns shown in Браге 4, 
If we look nt the subject through в Folo-cereen, we con turn ike Бетін 


ва that practioally all of the specular reflection is stopped, and see Ше B 
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subject by Фау reflected light. This fact, which із extremely 
lant, permits many applicniions, The use of Pala-ssresma in 


importan 
. front of the lighta, iluminates the subject with Polarized lipht. 


Another such device at the camera lens permite photographing by 
diffasely reflected light ome, ‘This is desirable im many cases, bú- 
cause the specularty reflected light obscures more or lan tha Амай 
whieh it ін desired £o record. If the Polwscreen of des camem im 
rotated, some of the speeular light ia allowed threngh, во that the 
umount of reflections permitted is under the сотой of the photog- 
rapher. "When the samaran Pola-sorcon is rotated во that ita vibration 
plone is eetually parallel te that of the specslnr ray, the ғау ix ёгапа- 
mitted етеп more freely then ia the didfess rey, zo that the subject 
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appears із have even brighter refactióna and more glass tham it 
асрау dom have. The meat important point about ré&ectinn 
contre] with Pole-screens at both lema and lights ін dhe freedom іп 
photographing-angle. The uma ef n Pola-geraén af the lens alone 
restricts the reflection control to surfaces oblique to tha camara axi, 
bat the technique Just described imposes no such restriction. 

Possibly tha moat valuable applicstion ûl this technique is іпсору- 
ing photographs and other subjects whose firfaces up to maw have 
Һып i unsuitable for photographing. Much of the light 
rellected from the blacks of a matte or rough-sarfared. photograph, 
for instance, ія apecularly reflected, amd, Шитабага, eun be eut down 
by tbe Pols-screen technique, resulting in в шанд deeper bleck, aa 


light, are startling in theér chamges. The surface texture, which 


"pied ie a Such photographs, when viewed or copied by polar- 
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Pa usually troublesome in the roughesurfaced print, practically disap- 
pears. There la also а great improvement an the rendering cf shadow 
detail 


. ОШ paintings, ordinarily very difficult to photograph, become very 
simple indeed. The rellectbons trom the canvas texture, from varnish, 
from де cracks, and from tha pigmenta themselves disappear, so that 
ths pistoré ін not ebmeured by rowa of bright spots. Wo can now 
record the painting instead of its sariate, 

The «йө of this control on polished carved wood is remarkable. 
ЇЇ we go to the extrem, the grum is bnwaght out іп а remarkably 
clear manner, and the gloss practically eliminated. Optically, we can 
remove the тағыны, Ш we go to the other extreme, that ia, setting 
tha lèra Pola-serean parallel to those at the lights, the polish ін en- 
hanced, amd the grain subdued, The contred іп this direction із less 
than that possible in ко анд the reflections. 

If it is desired, the reflections from Ёганарагаа! wrappings may ba 
greatly subibued. The effect on Inequer is quite remarkable. Glossy 
lnequer may be made to appear matte or ibs glossiness шау be аррат- 
ently inereased.. 

Pola-screens should be particularly тараю to those engaged іп 
clinical photography, The relleüons from wet surfaces of clinical 
specimens frequintly hide амай which it ia desired to record, These 
riflectiona may be кейніпей to any desired extent to show up detail, 
Опа of the effecta of removing surface refleciaans іа Lo show ыр very 
strongly авай differences im skim color. Sight akin discolorations, 
incipiant rashes, авд 80 on, may ba shown very well. 

Wo обета that there are à nurnber of wnexplored fields for the 
Pola-scroen, for inatanés, in хааны! Lightings and unusual background 
effects, Ая one commple—if we ріне в light directly in front of the 
camera, the bens fare normally rewalting degrade the contrast of tha 
pictors, IÉ Pola-aeroens але placed wt the light and the lena, the 
brightness of the light itself may be very greatly subdued with very 
Ний effect on the Ши лай of the subject. 

A background of variabla brightness ša provided hy the eme of an 


aluminised sheet (such па û cine or Eodaseope seroen), lighted by a^ 


spodlight through a type I1 Poln-screen. ‘The sect 18 placed to throw 
a bash reflection into the lens. Rotating а type 1 l'ola-sereen at tha 
Їнэн танаа tho background brightness from very dark to very Їнэ Ий. 
Another effect of possible interest in motion picture title work in- 
veleea башдан ahasting and transparent cellukes tape. When placed 
between cromed Pola-sreena, the sheeting ean be made БУ appear 
either light or dark, depending шина Иа angular роё он. Varius 
colors maalt from ithe use of varying thicknesses, во that patterns in 


vivid color can be formed hy multiple layers of the cellulose materinl. ЕЗГЕ 


ын 


ai ا‎ 
$. Т..НУГООВАТЧЕТ BY POLARIZED LIGHT—McFARLANE — 933 
Р, : TECHNICAL DETAILS 


The most suitable nogative materials for usa with Polü-seresna ата 
the pasekromatie materials now in general usa, Although [t ia pos 
sible to use orthochromatic er avan nencolor-sensitized materials, the 
exposure inczegee ік greater, i 

The Pelwsereen for lona use must be screened from all extraneous 
light by the proper lang hood. 

The screens supplied for light source use are not suitable optically 
бор ва oer a lens, Neither сап the Ройа-абгеап for lens usa be np- 
plied to lights. 

WHAT CAN НЕ DONE WITH EASTMAN POLA-SCRXXENBA 
A, Pela-acrósn (type І or LA] ni the lens only. Кресна [neram Гетүшінть!, rez 
инь 


š. Phogographing alitiqualy thesegh glass or walter. 

2. Bubdzing Мүн reflections whieh НӨ тігінен Жолы. 

š, Bubdalng brighs oblique mileeslpna whlch interfere with good corpori- 
оп, Та «сэг. reisiin Gowdeol боов nct йрт iò metalli 
жағы, unless Pola-scnecres аго тана over both lens and Нені 

4. Darkening m boys ary when Pholognapking 24 right angina te ihe ғас. 
The mécocbramae ralig of ihe ішке phoiographed ps nes 

5. Tha Pelion ура E À san be used to darken m big aky when 
photographing In natural valor, аа wiih Kodaelrame. 

B. Pala-mzrens (types T алый EI] M Boll Las авд Буй, — Exposure irons нь 
quired, 14 time ванд тїр. 

Ll Соруї rough prinia, matta рїнїш, damaged priiis, and oll Гайда 
which akaw strong reflections dus 40 cracks, aan vaa texture, or brush 


TATE, 
$. Copyisg алу аны! with the lights лг цан! and quits iom to the 
ЕБЕТ 


й. Ваш tha төд ура Ёл танау Е salsischa, whether oe БН ibs 
тойса ага obligue. 
4 {Сайак қазыны lighting and background feria, 

The novelty af this subject makes it difficult to say just what ap- 
plication will be mest valuable, It ia, howevor, a mew tool, hy whieh 
iow Terka may be achieved, and its limita ага imposed only by the 
imaginathon of the user, Ti ік opening сыг eras and our cxmorns io 
боған of the unseen өліні af nature. 
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MEASURING GEOLOGIC TIME: ITS DIFFICULTIES 
Ey Аллавь C. LANE 


[Wig 2 plates] 


In measaring anything, three things але necessary; First, n definite 
atariing point; escond à unit of meaunurensent; and third, a method of 
dononing Шинэ units. АП processes may nlso be divided inte thren 
kinds, which we have in the geologic story and which are varlously 
useful in mensuring: The perindse, tha peegremive, and tho 

The periodic processes are not morely those that depend upon the 
days and tha yearly masons, but also longer eveles, auch жа the 23-year 
double sunapo4 cycle, and the 25,000«venr processional cycle. Others 
mentioned by Cloagh have been diligenily sagt. The only one of 
these of whieh there nppoara to ba ña тәй indisputable péslapió evidence 
ін the double sunspot стое, which Abbot" and Bradley " Бате кішіні. 
To this matter we will return Inter. 

Tha progreasive pp06685886 are the one-way nelivitins, auch na cooling 
and the lowering of continents by rivers, whieh "draw down sonian 
hills and sow the dust of continenbs to be," 

Finally, we have the parcxvamal processes, illustrated by the carth- 
quake and the talano. Whenever we hove a progressiva accureula- 
don ой strain which теВотоа itself when a particular amount is reached, 
тей mar have a periodic recurrence of paroxysma, The classic illus- 
tration of this ін the Old Ғана! Gerser with Ия &8-mimuta period, 

THE STARTING POINT 

The atarling point of measurement, corresponding te an engineering 
datum plana, should be unique and not easily mistaken аг confusód 
with seme other point. Tt should also be ai least ax precise aa the 
шз cum аа ар А eyelical process docs not in itself give a 

ле сай bv Ыыы M шша NM yn 
А year be labeled by reference to some unique event, auch as 
E Abbol: Bohr кый ыш: and eee es, Венкынена Ыы. Cul, vol dd, Ma. HE. рр TE. 
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tha Declaration of Independence of ibe United States. "Кой 
the birth of а natisa, but the birth of an individual ін 

МӨ А каЙ Шы sabuxl Is жанар ба Мороа ol an Зәй} 16 
atart with his birth, which із ё paroxysmal and unique event. How- 
ever, wane other erent—him ассейаниз to the throne, Mabomet"s 
flight (the Нарға), or his death—may айай be umiqua, prectan, and 
better known. Tho chronology eccording to the birth of Christ, 
unique ва that ovent we, was introduced long after bis hfe, 
actual birth was probably met tha real starting point. 

The same difficulty tomes up H one wishes to mansure geol 
dime Green the “birth, time of the world," which із the Ше of 
by Л, Joly. We know too little about it, amd, in fact, it ia 
define what we maan by it. Th is tharafora not the place to bagin 
тыны. 


The same thing applies to other points in the рыз story. The 
farther back we go the more difficult it will be to get a general agros 
mené йв to what should be the starting point, bow ргесза it is, | 
what it таға. To be sume, there are showers of тоёсалйо ash (ben- 
nii) which must mark a Tether precisa epoch, but they nre bard io 
pecopnims and are maro ог lesa lecal While they may well be used for 
dating some small bit of geologic tima, they сап hardly ba à. ganarally 
Шим saning point. 

Tê is a trite saying in geology thas the present is the key to the 
ралй. ‘The presank i» unique. П ін also beat and їэнэ precisely 
known. Tt should Ы, therefore, and is, the starting point for any 
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date we use as à datum, aimee fow of the methods ef measurlüg geo- 
logie tima ean protend to am acceracy of 1 pareant, and most of them 
феа] in цайм of thousands or millions of усага 

ПЕ may well ba, however, thet А. D. 1920 will, to the geologist n 
milion gera homes, be marked to within 10 Fears by the abundant 
гаса of discarded штээ combustion engines, the гє га of the great 
таг dom Їн олг, a line of fossils indicating а cosmopellian flora and 
fauna, amd the widespread bursing of cool, of which, to be aure, there 
would be signs in the previous 100 years. 

Tur physical laws and scienti renis tell ux bow bwo sinies are 
солин, but. in meny ene Et le a malter of indifference with which 
то atari; сәс or the other musi be arbitrarily given. nr 
then, is our starting point, and the baseline of our estima. 
кені af human obssrrütions, whether it ba these recently 
an graphically by Ludwig іп his book, The Nile," such as the 
tlede гей Tue ХЭМ, та эс HEHE Тїинц Тив, НИС, 
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рл, текс ре ВЫ шый найдын AM тейт ita sooth, the earth 
тірей 52 inches in 1,000 years; oz those poetically described by 

Alfred Noyes in his Waichera of the Skr- 

= а š The кезіміз grow 

Cnomsingly, kd each new ртала ar гиш 

Та packed, Ыга тал аг, wlth whale worlda of Light, 

The Барага Ged іп Tablo Бір ша nuw 

To тілегі Яна gradeal quiskezing af iha mace 

Ten seconds іп m cenfury. “Who thet wrote 

On these clay teles ek Гсгсвон Ын gini 

Теініше mat + + + 


THE WHIT OF MEASUREMENT 


The unit must be Белл ийг in the geologic record, and mont be of 
usülorm length, M all the units of which one might think, tho year is 
preeminent. The periedie procèsses ûrê chviewsly then whieh will 
Їнэн give ша the unit. The sesond and the day are obiyicausshy too abori, 
and, moreover, ав vet no dally varlathoes have hoan г 15441 in the 
gtologie record, wherens the changes of the sansapa have left indelible 
records, "Those have been recognised mot merely in tree rings, present 
and fossil, in dbe growth limes of fish scales and stalpctites, the banda 
of anhydrite in the salt. beds which show avaperation wider changing 
conditions of temperature, but also in à wide range of degeuita. 

To auch bands the Swedish term “varves” is applied, sines in Sweden 
they have been worked by С. do Goer indo à aywlematic «гов ору 
of posteglacinl time. The ртаайат melting of the ісе in summer ЇЕ 
marked by eoarser сіну. Finer depesita settled in the lakes on the 
marins of the glaciers during the winter. Baron de Geer's work has 
heen eontisued and extended by his pupil, E. А. Antera," and hy 
Chester А. Reeds and others But beside these disüncily glacial 
würvea оғ banda there аға also bands of more and les organic па өг 
which аға almost surely seasonal, especially when layers with trices of 
еріншійгіін (тшауШаа) or pollen distinctly mark the masons, na De 
Geer found. Some of the more important papers ane dled by Tirad- 
ley! frem whom wa taka тіміз 1. 

Опа (ЧЇ Гү ай once arises How do we know that seme of thesa 
banda do not represent the two seasons a усаг that characterize 
certain regions? ‘To this there iz n twa-feld reply. Firat, each тарина 
are exceptional and are not likely to occur im regions of glaciers and af 
temperate Bora; соі, studies ach sa those of C, GQ, Abbot * seem 
б show the doable sanepot eyele of уғата (fig. 1}. — Further study 
š А. Tk ай рыдан. Ағас. Charapa, Bor, FHaema rh Ber DC [ЛИИ — Basler Нор 
- gasbapis ғаны, жар. DEI Bed. Tiang, Compr, Washingien, рр. 145-НТ, БИЙ. 


шәй аар, Г.Б. Chal. Багт. Prof. apar Ый Ж. 
Ч. ойна 1. 
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MEASURING GEOLOGIO ТЇМЕ--1:АХИ эй 
should be made of all these handed deposits to se if this or other 


" identifiable evelea eam be determined. 


Another question ів whether we eum amema that thé year ha bean 
ef tha sumo length. In an expanding universe, unless the gravitation 
constant aluo changes із mateh, the year would have been shorter 
when the earth was Bêzar the gun. 

While one might also think of the addition бо the weight of the 
earth by meteorites and their effect upon ite orbit, there ін such à 
Мек of moteoritic material in the roska accesible to the (ресірдігі 
that апу such effect during the time they wern laid down would be 
an infinitesionsl of the second order, The same description would 
apply to the effect of the loss of mass by radiation from the sun. 

Ви! the year i» а rather short unit for the longer pealegne tinea, 
Is there any peactical longer unit? А number of longer periods have 
been suggested by E. Huntington, Clough, and athar * bat only 
theres have been seriously applied. One is the preseasional period af 
21,000 to 25,000 years, In half the period the North Pole changes 
from being inclined toward the ғап whee the earth is farthest from 
the wan in her elliptical orbit around H, to being inelined toward the 
юш when the earth is nearest it, thus making the two mesora for 
summer heat minforse exch other іш the Northern Hemisphere, 
Moreover, since the earth mores faster tha nearer it B to the sun, 
there will be extra hot and short summers in ihe Northorn Hemisphere 
from the spring equinox te the fall, ‘The difference ік at present only 
$ days, but when the orbit of the earth ін mora «Ши it may be ая 
much. ва 20 daya, 

As the two hemispheres are unequally balanced іп proportions of 
land and water, the northern having mach mons land, it seama quite 
раг о that this eyele should register itself in climatic changes. 
Bradher's bibliography (see fooinota 2) cites papers by himself, 
Gilbert, Komm, Stamp, asd Wolanaky, which discuss supposed signs 
of such cycles іш rhythmic alternations of strata, Oil geelngista are 
making further studies. Such cycles should be alternately more and 
kes conspicuous, depending spon a longer rhythna—thab in which 
the ellipticity of the earth's orbit varies. However, the affect. upon 
Climate is indirect and depends upon geographic arrangements af 
land and water which mar vary quite independently. The whale of 
human history recorded im accurate measurements has only ботаға 
a quarter of а cycle, The geologist who a hundred thousand увага 
Берер haa four or five auch epeles ta kak back upsa will be better 
able togudge their worth ва time units. 

The eyele of varying ellipticity of the вата orbit haa eren 
disadvantages. We have passed through so ШИ of it that wa 


А, ©. bibliography ta нээр Ee г rock, Нэр, 1HÀ и. Оны Compr, Wine. руз. 
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kare little of its geologic effect, and, moreover, it ia a complex бус 
belt up from the бус га of the motions of the varices. planeta, which 
nlso affect the sun and, through the sunspot cyclo, the earth. 

Thus all Шива cyeles are ая yot unsuitable either ая imita, or, we 
may add, to be counted in estimating geologic tima. We say "ав 
ye," for the cycloikeme of К. C. Moore * in tha coal measures, tbe 
rhythmic bandings of flat in the chalk of tho Norman const, and 
similar rhythms in many other plea suggest poasibbilitira. 

"Гага ін still another class of cycles deserving a word in this place, 
since they ме highhy important in geology, even though mol suited 
for time units. IL has bêna suggested that there is а steady and pro- 
gressive accumulation of atrain in tha enat of the earth, to which it 
yields, perhaps spasmodically, or porhapa pericdicaly, One might 
consider these as unit cycles. Ав we have already remarked, this is 
quita атата. Not only the discharge of many geyaers, інгі. the 
action of tha тізіп bow and of tbe water clock is of this nature. 
Beat whee we алата a libile төсей closely we see that of present, 
uL least, if we taka the table given by Stille, Gore 2 (after Ball. Arser. 
Assoc, Petroleum (ol, vol. 20, p. 832, July 1935), such oyeles 
ын ANE era The recognition of 

anch oycha, amd the proof of the regularity, if such there be, is 
rather a рош of geologic investigation. 

There are b two causes of the accunsulating simin which have been 
ей». The cese ін ihe shrinkage of the interior due La Ше Jone of 

мыту, бересін т ús brat, ceasing the crust to tend to collapses when 
the sri Qus ped supa ва че This idea of the crust 
wrinkliog lie on old appia has been accepted Dy n Їнэн ef writers пі 
ee РЫН С Пр 


epochs of wide crustal disburbanre. That thesn аға relatively aheri 
and sharp is also widely held, ая has Бол тесік бїйрї bg 
В. T. Chamberlin." But thie da mne SA ae рар на 
Min ka boca авн A N r. Barry 

In view of the facis that the volnanoes of Italy and Ireland nnd 
other regione have been pray continuously active since some time 
іп tha Tertiary, which wi shall Gnd pesson to believe was ЕШ ата. 4 
Years npo, and that mountains like the Coast Range of California 
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аға alan still growing and have been since the Tertiary, Ht is clear that . 


division by epochs of mountain building or the volcanic action вакосі- 
айы therewith cannot bë precise- 

Nor is them such agreement among author as to the strength, 
number, and regularity of thee epochs of mountain bullding (last 
and best presented by R. C. Moore, C. Sebuchert, and H, Stille) as 
to make them available for geologic time measurement. Figure 2 
i after H. Stille 

Another cause of accummnlatisg atrain, to be regelariy relieved, in of 
exactly the apposite nature. Ti was suggeeled by J, Joly thet if the 
earth contalmed anything like the amount of radioactive material 
ibai the rocks of the surfgee seem to, from ita decay the earth would 
be generating mor heat than ін discharged through the crust; that 
ibus heat would atcemulate amd the crust be melted from below 
ший it gave war and discharged the heat in lavas, обо. This idea 
has been elaborately worked out by A. Holmes and Н. Jeffers, nnd 
also discusand by Urey.” 

Tü ix clear that thee explanslicas of cycles mre inconsistent amd of 
uncertain application, Moreover, we know far too На of whet the 
Teal norma] боега егінін is under the Јава, ‘The old авғапичі 
тайв ol 1? F. for every 60 feet от so of depth proves much too rapid for 
large areas in Canada amd South Africas. Finally, we know nothing 
of the rate of loss under the ocean which covers three-foartha of the 
ишга. Thea both the rade of leê and the content of radioactive 
elemanî вя computed by Urry with the best available data аға 
Urry's curve № not fur ой. The meteorites are but very Лу 

‚ Rod the basaltic rocks lem radioactive then the тан, 
and the weight of the earth has made the belief general that the interior 
is im composition more like a meteorlia. Hable Г, Evans suggests 
iat carly date as to the marinaca rarka ата questionable, 

TE is sale to say, therefore, that кәсі evcles cannod servo за unite 
ef pealogie Бгдвиголлйг, that the curve of rhythms and revelutiona 
with regular cycles such ая Holmes gives is ns yet xn ideal," and that 
what Kirsch says ' is wien warning, 

Ты Шин of харшийн ralas panmils oot te drew a sumber of more or lass 
DEME AAD bch may ba pimpar] with the facts of experlange, 
Jt da to be оры] тінін che coming rea Йа nal Шина la guiding geologic and 


ш Тале. s. Жан кін F, ON, piesti, түй. 5, На. 2, жолда, ТЕШ асн F, Г, apad, Бейит ызй 
damnatis cheque пікірін: in Fiet urn, єй. иь, Aimer, Tul (T, pp. 147-206, Tum 
inion ad à ре ілей Жый. 


жилээ! 


MEAS TRINH GEOGLOGIC TIME—LAASE 243 


.peupkysical research wis be sbown, although for the present the pomibllitks of 
ИН айна ft to Ёл various Бева кте во great {Bas H rans the danger sf being inated 
with määra пз lke physleal shie, ва an india rubber хоту. 

In any case, cycles are always spoken of as millions of years long— 
во зер that we hirê na historie knowledge of more than а amall 
fraction of а сусь. They аге not adapted for unita of menszreinent, 

The precessiomal cycle belongs to the solar system, аа does the 
wenspot різ, amd there ars sumerous other planetary cycle. Any 
отрова of aetronomic origin of greater sweep than the polar куйші are 
much langer and would appear in the lile of the earth possibly аж pro- 
gressive factore of бусаа һө long ая апу we have mentioned. Such 
would be the great orbit which the whole solar system ін describing 
sidewise around the өкіне of the Galaxy, some 3,000 light years 
(5.84. > 107 miles) away af a velocity of about 300 kilomytara (183 
айы) a тәні, n eyele of some 20 million years. Such cycles are 
obviously not waitable as time units, We mast thea fall back on the 
year аа the unit. 

PROGRESSIVE PROCESSES 


Leaving, than, the periodic processes and rhythmic cycles for the 
moment, aid accepting the year һа n unit even though our accuracy 
may be only expressed in millions of years, ог "deeamyrinda" af 
Vernoduky, we peas to those progressive processes, ibe бүрд of which 
is the hour glass, by which we measure Шил, 

"These ата "enswuy streets.” Among theen are the processes of 
degradation ар lowering of the land, whether by wind or water or ica, 
by tha streams lowering the area of their basins or cutting back as ів 
waterfalls or cutting down, the arama by glaciers, ond along the shores 
ofthe cman. Of these activities, a boat һата bean studied, such аж the 
retreat of Чарага Falla and of ihe Falls of Бі, Asthooy ni Minne 
проба, the retreat сі the cliffs of the Weald on which Darwin mada aati 
males, the recession of the English chores, nnd the shore from Chicago 
to Milwaukee. Аар Lake Heron, Gordon and I олов found ñ real 
azd plow marks running off the БЫТ. The read came in ngain half 
в mils farther on, and by comparing with old mapa, Gordon wos able 
io compute the ғала of retreat m 5.7 feat à year. 

But what is eroded із опа place must bo deposited elsewkbere, and 
te match degradation there mast ba deposition. In all such calcula- 
tions there is в fundamental "nale of three," бо much bas been dome 
in а given, historically known tame, and во maeh haa been dome in 
al. Аё the вале rate this would have taken & proportionataly langer 
time. 

Іш sume сазва we may be reasonably sure that the rate of change 
is nht the same, Many activities are һаутарізНе. "They grow Haa 
“ and lus ая time goes on, if no other factor interferes, For this wa 
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sometimes сап allow. IE, for imatamea, а continent has an average . 


elevation of 2,000 feet and is belng lowered at the rate of 1,000 feet 
in а million years, then, if the Amm plotted soars == 
ei dieit n hyperbala, the greater tha time wer 

the lowering and, instead of being absolutely flat in 2 million years, 
it will be reduced бо half tha height, and to ose-benth of tha height 
ін 10 lesa 1; that is, Û times 2 million yours. This is the process known 
ав peneplanatinn. 

We have sadd that there was deposition Là match the degradation. 
In general, tha fier the sediments, the less the rate of deposition, 
Here the етеде annual тагтаа may help us to estimate the yearly rate 
of deposition. In the Ё в-ө гэ под sediments it is usually estimated, 
according tà the authors cited by Bradley, aa something like 0.1 milli- 
meter, ог 250 piara io thé inch, 3,000 ta the foot, In recent deepest 

sea soundings m mie of deposition of 20,000 t» 25,000 vera to tha 
Et bur kia кетеді. The coarser the sediments, in general tha 
more rar H their accumulation. Comparison of the thickness of 
Шері rocka En dilemat places Torzed during the same period gives 
va ama [dee of the relativa rata of accumulation. 

Very elaborate ealeulstions of deposition amd denudation bave been 
made, as eammarized by C, Schechert “and H. Р, Woodward. Such 
estimates of time ате, however, subject to large possible errors, айна 
it is nearly impossible to God expoezres or sections of strata whern 
deposition haa pct been iaterrupted, ee та an 
lower strata were tilted or converted into land and deeply eroded, 
euch interreptions mar be more easily поді, bet the gapa (kiren 
ай dinstema), if due munply to underwater purtata, may be almost 
unracopnitable, It is, however, fair to say that wt least 200,000 16 
400,00) feet of rather fine-grained beds containing characteristic 
fossils are known, which might easily indicate в time of several 
hundred million your Ш that aa ee шигар, шигесор- 
nited dinstems could ba assumed, (n the other hand, it would noi 
be impossible to kmeck а cIphar or two from tha age if other methods 
of estimating tima рей әй $ auch action. 

When catimates of the cxmpesition of the average sedimentary rock 
are compared with thet of the average igneus rocks from which they 
аға supposed to be derived, it is found that there ia а shortage of 
sodium, етеп making allowunen for all tha galt beds kmowmn or Túi- 
жола Му suspected, It is natura] to comparu the ocean with а great 
sali lake, авд, noting that all week laesa with ma gatlet become salt, 
te suppose that that bas also been the case with the ocean, Then, 
M we can compute the amount of sodium added each year by the 
rivers, und make allowances for the salt of the aalt brosses, for, the 


суе aolum derived from the erosion of salt beds and beds eantain- 
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zing RAE water, the sodium absorbed br sediments in base exchange, 
and for the reat of the factors tending to increase bls estimates of time 
and those tending to diminish tham which Joly listed, wa can satimate 
how long it would take at the present rate to accumulate tho aalt at 
present in the poean. This doly Gret did, and bis work, first published 
in the ‘Transactions of the Royal Society of Dublis, has already 
received апп im the Smithsonian Report." Е. W. Clarke bas 

Jones bns estimated the time required to male the Lakes Truckes 
and Winnéemuces, shrunken remnants of tha large lake known 10 
geologista ая Lake Lahontan, ss salè вэ they are іп three ways; First, 
by comparing the increasing saliness given br two analyses 30 yeürs 
apart; second, by atudying tha rate of evnporution and the time needed 
to evaporate the water; and, third, by taking the nzalyses of the rivers 
feeding these lakes and computing the time required to bring in the 
walt” 

Of Шева only the latter method has been used to obtain tho age od 
the ocean, and oven Ї thet there ure difficulties which prevent eur 
relying upon the рима. In tha first place, the analyses of river 
waters upan which estimates of the yearly contribution of sodium 
were based do not give encugh weight ta the composition in time of 
floods, ak which moat of the гап-ОЙ takes plate, In tha ascond plass, 
there ін no assurance that the present climate amd run-off ia a fair 
average of that іа paat times Та fact, many geologists believe that а 
period of extra uplift and glaciation, expoeing a lot af reek ta wenther- 
inp preamar, hina nerarred in the immediate past, and that the present 
siate of things із mot yet beck to average- In the third place, if we 
may trast Schechert's paleographic maps, the present continente ата 


All these factors would tend to make the сагс of time of accumu- 
lation of oceanie scdium (nbout 100 million. years) too low. (Ош the 
other hand, amy original modium in the ocenm water, from whatever 
source, would make the байгаан too high. 

Moreover, wn оцайга any other element than sodium in Hyer 
халаг and the ocean, we pei тегу diferent results, Soma of these 
elementa, such ва сай and magnesium, are prompily мей by 
organisms to шаке shells But chlorine offers a different story, and 
there іа mama te lonk fnr n volennie marea іст much of the chlorine 
amd бо happies Шал it was more abundant in the early ocean, Indeed, 
endeavors have been made # to estimale geologic Lime from the change 
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in the На ratio in вов water, but the buried (connate) яға waters . 
lave bean exposed Ёо change, and the rata of change of tbe ratio af 
sodiam i chlorine his been irregular. 
GEOTHERMAL GRADIENT, THE CHILLING EARTH 
gic tinya which goes back to the great name of Kelvin (Sir William. 
Thomson). ‘This was во mech discussed at one Шепа thet it should 
ba mentioned інге, pecially ва it haa recently baen atudisd by 
Epir” This method depended upon the cooling of the earth. 
Cibviewaly, И the earth із losing energy from. tho interior, as it actually 
is, and if we know the rate at which it is eecaping—and this Kelvin 
eatimated from tha increase of temparature with increasing depth in 
minas—we сап estimate how long it has been eanaping, if wo keew the 
Unfortunately, Kelvin made assumptions which nre pot likely to be 
ний, In tha first place, he assumed a practically instantaneous drop 
of the surface temperatum at the time of consolidation of the crust tà 
practically the present teriperabusa instead of the аг Шон! temperature 
el water, which might have been the surface temperature if the ocean 
wes then all or mainly in the atmosphere, Om the other hand, H there 
ware then no ocean and less temperature, the sorface temperature 
might have bean down to 2007 lower than ni present, und have risen 
lowly ms waler and gas emerged from the interior, In tha second 
place, he алатай a uniform tamupapatispa at ihe beginning from surface 
te center. In the third place, he assumed ал inereaae of temperature 
of about 1° F, in 60 feet depth im the earth. Later cbaervationa in 
Миса and Canada make it possible that the normal тала of teenpars- 


of radioactive disintegration which іп earlier time would have been 
even premier than now. The realt za tht it ia not dificult to select 
possible geothermal data to fit û wide range of арга. 

Howerer, the geothermal gradient has also been тин] ba simata 
the time since the last Ее age, For the ware of heat which started 
down when ths ies тәлімі does not seem to have тевсн the bottom of 
the deeper mines and wells, ‘This is shown in such a well as that of 
брые 2, after C, E. Van Octrand. The decrease of temperature 
toward the зам ва from the bower Тата af Miekigum mines would 
indicate а temperature near Ireering near the surface. The posi 
glacial wave of beat soms to have reached a depth of only between 
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3,000 and 5,000 feet." The variation im geothermal gradienl ав а « 
possible index of ой or gas bas been studied by Van Orstrand and work 
ora with E. С. Heald for tha American Patroleum Institute. 

Tha еи in obtaining age results from temperature gradients 
are to sama extent the sume as Шова inherent in all progressive proc 
cosme—ancdrtainty ая із initial conditions and aa to how faz resultá 
hare been affected by other factors. ‘The change of rate of activity 
im time is also uncertain, but usually we cam know in what direction 
вы, We abo know littla, accurately, ша to the diffusivity of rocks as 
{hay lin in the ground, saturated with water freak or salt, or dry and 
containing only vil oF gas. 

Minor methods of estimating pelegis tima, the mocumulation of 
Hila material, of ұйым іп the n, отдал champs, 
variation [n tha position of the pote, amd others of the 40-odd тав да 
which grolegiala have tried, whieh are бесавіппа Пт useful, may be 
passed over to come to those which seem the most important and 
widely useful—"popesrm" methods of measuring geologic lima by 
atomis decay and the ecounsulation of the products thereof. 


ОЛХИАКИС TIME RECKONED FROM ATOMIC DISINTEGRATION® 


If one watched a popcorn machina and noted the number of 
kernels popped in a second, and noted bow much was popped, ome 
ийй rare bow long it hed been running. If, afier a few minutes in 
the dazk, one looks at a luminous dial or hands of a watch with û 
pocket lens, one cas generally asa that tha luminosity ін not quiet, but 
i» due to à shower of sparks, each of which representa on exploding 
atom, While іп detail these explode irregularly, yet ordinarily in any 
radioactive element there ага many Наана per second per milligram, 
and tha mumber per hoor ін practically constant and sherecteristio 
of the element, regardless of any variation of pressure, temperature, 
or eloctrie charge that ін likely to сагат naturally in the earth's gruat, 

The study of these explosions Бал been the subject of many physical 
investigations, ‘Three rays are said to be emitted by the explosion, 
none of them visible but eausing luminosity in certain compounds. 
The alpha r&y ін really а neclous of the gaa helium, and the reads] 
atom bas its atomis weight lowered by 4. The Geiger counter іа an 
aleetrie devise for comeing tham, a тамд much more accurata than 
visually counting them im a scintileseope. A recent counting study 
is that of Robley D. Ётала and û, D. Fina: The counting has been 
continued hy C. Goodman. The рпунга! 4 гийн and the uncer. 
wi Jp Бэл рысты eerie Га ыа бы aquqa, сорраг шінгіс bar demam Fiber, E. R. Їр" 
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taintics produced Ьу не "background affect" of unwanted particle 


^ ата akill grant. 


The bots ray № ап electron. Tia Joss produces inconsiderable change 
in the atomic weight but боса change the place of the remaining clement 
in the periods table, in other worda changes it ба amnthnr element of 
practically the same atomic weight—a so-called isobar, For instance, 
Haha and Манал have recently discovered (and thar rewulia 
агь being confirmed Їл the chemical laboratory of the U. S. Geological 
Survey) that the rubidium of which the atomic weight is $7 (about 
25-28 percent of rabidium) changes to strontium of whieh the atomic 
weight ін alas ЕТ. Of this there is in strontium generally only 7.5 

LF 

Неге we nre ініні [ace to face with two od the principal difficulties 
Is the measurement of the age of minerals and rocks by atomic dis- 
intagration. How do we know that the elements produced by disinte- 
gration wero not already there? Ti this ia azawered by saying that they 
have a peculiar alemie weight, then the problem arises, how % find 
that weight, especially whan ona baa bot very amall quantities. 

er Иа хэй ee ЫШ а сану eee 
Бо far it has not been considered in geologic age d slerminalion. Үе 
lis work im penetrating the wrapping sod darkening 
plates led to the discovery of atamán disintegration, Brut ва euch rays 
are known іп affect dhe formation aod disintegration of elementa thay 
muy have to be taken inte account exmetimes, though preliminary 
investigation would suggest ibat they аге û very minor factor, Plate 
1, деше 2, la û print of o polished piece of radium ore from Great Hear 
Тав, Canada, meda br ita cwn light. 

‘The methods of getting ages of rocks and mimerals have been mainly: 
For the rooks, the amount of helium (alphe-reay product) which baa 
дегт from the explesien of the uranium and thoriam, "Tha 
lead ig very amall in comparison even with tha few grams per ton of 
üplinary lead prescat, amd ий! recently Ї has been impossible even 
бо алара to get the proportion af isotopes in tke rock lead, aa it 
would involve getting about a gram al lead from a rock which oon- 
tained less tham 22 grams in а ton. Of this only n smal portion would 
ba the bead derived from the explosión of the uraniom and thariurs 
алкаав, ee 

Fer insianoc, Dr, Urry has computed for the “whinaill," a well- 


| known aheet af intrusive basalt that обета іп the British Carkbanif- 


arous, thai the lead derived from ibe ursnium aod the thorium would 
be about 0.049 gram per ton, whereas the воа) amount of lead 
presani waa 3 10 В grama par lòn. M.F. Conner eund umular rania 
in concentrates which hà analyzed. 

Їл molten rocks the helium gaa wea mainly driven oif ni the time 


* Da ашгаа apuma, vol £i na. ШЇ р, Hm, Юм. 


DEJ — ANNUAL REPORT НМЕТНЗОХЛАХ TEETITUTION, ЦИТ 


they wore mòlta. Helium deceived from the atmosphara can be, 


reeognimal hy tha neon which goes with il. The belium might, of 
гичий, же. Trot when the hellum is present іп och amall quan- 
tities as а few ашы centimaters par ton of rock, авд expecially аа it la 
right in the metwork ef a crystalline stracture, 18 done not seem to lose 
enough to prevent determination of relative age, if work ін done on 
fine-greined haaaltic specimana taken fresh amd compact, and from n 
сопа а distance below the surface. Results on granitic rocks are 

Oe the other hand, im radicactire minerals containing a comsider- 
able amoust of à radioastive clement, the bead retio is the morosigniéi- 
cant, andl, if there ін considerably more helium іп the mineral than in 
the surroundings, the Бест, diffuses. 

The ати, methods are then likely to give ages that arn ico low, 
and the ratio of lead to tha uranium and thorium, H the ordinary load 
has noi been determined, ages thet are too high. Inanfer as thoy 
check, wa ean be таке Ву were of not being far off, excep’ for a pos- 
sibility that the rate of change ія markedly different now from what it 
has bean, in the past. In the газа of tha Silver Leaf Mine-Huron 
Claim region, the age by the Sr (87) - НЬ (87) ratio also checks within 
10 percent. 

For instance, а number of ages of Trabi Рока latar thas the Car- 
Ьо Гегел have wnifermly given ages by the helium method less thao 
300 million years. Oe the other hand, there are over a dozen analyses 
of minerals in pegesalilea intraded before the Appalachian uplift, and 
certainly not Later than tha Carboniferous, which would indicate nges 
great ibat 200 to 250 million years ago some at least of the Carbon- 
iferous coals were being formed, 

If a mineral oz в rock contains & wamber of elementa disintegrating at 
known rates to diferent products, wa have an excellent check, pro- 
vided we eam distinguish them asd thelr producta. Indeed, if we 
know the proportices of the producta end сап be pare their production 
begun at the same time (аз will be tres, for instanea, for the various 
leads produced by the isotopes of which uranium is composed, of 
which the most abundant have atomic weights 206 and 207) we can 
infer che ages, since the lead from older minerals will have а larger 
proportion of the products of the шага rapidly disappearing isotopes. 

Prot. А, von Grosse“ hia especially emphasized this, and John La 
Кова ™ has compoted several ages from tha relative strength of the 
spectral lines of the different lends. Tal, as ordinary lead is a mixture 
of the same isotopes, the isotope that comes from Шоша Pb (208) 
and а small quantity of an isotope Pb (204), unless we can find how 
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much of ii there із by the quantity of РЬ (904), the толин will Ба 
" wnoertain until thara ін batter agreement ав to what isotopes and how 


much of them uranium contains, and how fast they change In this 
Edd G. Р. Baxter and А. Q, Nior are actively at work. 

Poiaemahim ia radiative through Feng of a beta partiele—&n 
electron. Ая recently ая 1933, when Aston wrote Isotopes, although it 
wee recognized that the гаас үй was due бо an жобара heavier 
iban the common E. (20), ië was eupposed із be c&used by E (41) 
changing to Ca (41) Tt has since become apparent for tal ape 
activity wea due to a K (40), not before recognised, This makes mo 
longer applicable some ingeniosa suggestions of A. Holmes, depending 
an the reeognition of the auppossdly ralatively rare isotope of calcium 
Üm (41), ТЬе саја isotope Ca (40) actually is very common. The 
mest ihat eam be said now is thak the ralio of calsium to potassium will 
give в maximum age to rock nnd mineral and to tha аг, кя А. Feith 
Brewer bea recently pointed out. СН course, bn all minerals thai 
pakan potesdum there вешай be см ша, and if there ia very littla 
см ши, the шах ана may ba near tha true age. 

Pout to use potassium or гай Шала changes, accurate analysis of very 
amall циаш са will be needed. "The matheda of quantitative арёс- 
troscopy must be developed. We шау look for similar developments 
with otber ісіні Га. 

FLEÉOCHEDODIO HALOS 
We ага entitled to infer that the rate of disintegration of ntcms has 


active clam! ars aboch the ааваа im the older тәсім ag in tha veunger 
ane, nr нь im recent artificial preparations The halos to which I 
refer have been noticed since the days of Resesbesch and have been 
recently studied by D. E. Eerr.Lawson " amd G. Н. Henderson;? 
they are Wlustrated by plate 2, after Henderson's latest paper, They 
depend upon the fact that the helium bullets fying off when an atom 
explodes change the color of the surrounding mineral, which acta ВА 
hnat for the minute specks ef ziroon or allanita or whatever гэх» 
active mineral may be ther source. Іп particular they affect the 
iron of dhe mica, вэ thet, while they are hardly viable when the mice 
ін dark (thet la, the light is vibrating parallel to the cleavage), thoy 
ага mech plainer when the mica із Light (the light which pase 
through it is vibrating perpendicular із the cleavage). Іп other words, 
the effect is mech the same һа that produced by these rays on a 
Photographic plate. 
Палана аашаа іші poe tiza, Ваша. vl. V, а. ZZY p. Н, іла. f I 
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Now the alpha particles are stopped by collision with other atoms 


İn a зегі distance (0.05 ta 0.04 man йш the mice), авд it is found that ~ 


they nre most effective af the end of their Bight. "Thus they tend to 
produce в ring ed discoloration, if not much overexposed, Moreover, 
each element gives off particles which heave а dedinite range, or рмаб- 
trating power; Holmes gives а table of thee ranges." The more 
radicactive the samant, the greater is this rango; і. t4 the more 
rapidly it disintegrates. 

ЇЇ ns we have said, в mineral contain elementa disintegrating at 
different rates, asd uranium ia composed of two such elements, the 
alder misala will contain on (he wvernge (or in case of isotopes, 
certalmdy) more of tbe less stable, more rapidly disintegrating element. 
asd of ita produeta Henderson has been trying to determine the 
ages of halos by the relative strength of the rings, especially of one 
due tow product, known ња actinium О, of a wranium isotope t that 
of в product ef the uranium iastepe which produces ordinary radium 
and a shorter-lired. chment, which makes the outside ring, known ал 
radium C. He has also studied the thorium rings, ЇЕ haa been very 
Чен te find miea іп which the successive rings are distinct and 
then to split iù fine enough to get a section through the center of the 
sphere of an alteration (which has a diameter of leas then 0.04 mm) 
instead of taking in à good parted the sphere, із which case the separate 
rings am mot visible. Joly ™ thought that ihe whole diameter wee 
alightly greater їп the older halos, but it was only à thousandth of 8 
ыар or ва. The fart thet the diameters of these halos ате so 
nearly the sume іе those of balos mow artificially produced із &n ex- 
бітпей senda off helium bullats—alpha рагі Һа farther they 
fly) for believing thet the rate of action has not changed substantially, 

To be sure, И the few extra long-range particles were bos few bo 
make a perceptible darkening durisg the time of our present experi- 
mente but might in a million years, and із the older halos are respon- 
sible for the outalde diameter, then there might be a slight secular 
quickening із ths discharge of the alpha particles which hed been 
thus disguised. 

In order to makè any estimates of time, Hesdizscn had to estimate 
iba relative strength ef the rings made by the varius radioactive 
clementa This can be done by the miorodensitometer, the same 
kind of instrament which astronomers use іп méeasurimg the proper- 
Hone of slaments in the spectra that come from the stara, and J. L. 
Rose, celimated the proportion of isotopes by working upon a fine 
line stractuze, thet №, comparing the strength of the linea ints which 
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ene ling of the lend specirumcan ba broken by sufficient magnification“ 

Aston 8 ebtained the proportion of isotope, hy using a mass spectro 
graph in which the atoms shot ай fram а {ашке pasa between magnetic 
poles which deflect the heavier atoms from their course less than the 
lighter sata. He registers tha atoma on the photographio plate 
which they strike. In Dempster’s™ improved apparatus the stoma 
are exposed to а continuces field which swings them around ів а 
great are and geta them farther apart. But estimations of tha 
strength of Eines are limited in һссагвсу nnd are likely to be interfered. 
with by Lines for other сөшрошкік А. Q, С. Nier's present appar- 
айша fer the eunsulative record of the effect of thes atoms promises 
greater accuracy and uses smaller quantities. 

A difficulty already mentioned is in getting tha quantity required 
io make nn analysis, а separation of isotopes, and an age datarmina- 
tien. БЕШ the quantity needed has sbemlüily diminshed ший 14 b 
surpriming how complete an analysis F, Hecht and L. Kroups, im 
Vienna, eam make with only 50 miligrama of urnminite, abest the 
weight of a postage stamp" Even with their methods, minerals 
such aa zircon amd allanite that have only а little uranium or thorum, 
alten only 2 or 3 percent, offer аеш, and if the lead іп tham 
is only a bundredth part of that, which is the case for Tertiary ог 
younger minerals, ib can readily be seen bow refined amd oocurate 
maibeda of amalywis must ba, Mamanwan, recent work on successive 
renes of the катпа erystal have shown в change in composition dus 
to а transfer of material. In comparatively fresh materiel, that 
appears to be antisfactory, the uranium seema іс be the more soluble 
вя а гита compound and a£ [east filme of secondary oranio yellow 
compounds ars found in radioactive deposibs generally. Yet these 
very atudles tend to show that such changes are по! ollen aver 10 
percent, and that tha ages are in a репера] way богтос. 


ROCH ACCES 


Аа has been seid, im rocks there ін вэ mach ordinary lewd thet 
ший! the seperation of small quantities of laotepes of land amd tha 
identification of ordinary lead, вау by tha 204 isolope, сап be safely 
accomplished with amall quantities, no reliable age determinations 
сап be obinized, But Бешта haa not the заваа difficulty, if we take 
compact rocks containing mo air and which have been molten. Мен 
ing drives out most of the helium and other gases аа well. Helium 
being à рав, is likely te мара, and until a few years age ЇЕ wna pen- 
М Erma, 4. 1. агь! гала ал, Ж. E., Паре Шыр шап idee aT Тал Ний. Pere, 


дайнч, FW, Мыш epee ed а Loge, TEEL 
F Mabi, F, und Teapa, L, Ha Йвдийшш биг ушыш! М.Эгсагайан пейт іптамасал 


GR lI cdi ara wien EC 


tion af those obtained hy load ratios. Білге then work by Holmes ^" 


and Dubey ний Paneth and Urry has given resulta which seemed 
nore relinble and to fit the bead scale more closely. 

But they are not beyond question, amd mare recent work by Good- 
шан акай Қыл! ender Evins seems to show that while the helium 
Чайггайдал саа and tËose of thorium ате fairly close, all the proviows 
work en the amount ef rediam im tho rocks may need вредата 
comeciion. Specimens from tho заган dike and therefore of the same 
age mince consolidation, but showing considerable diferezce in uran- 


ium and thorium, have, nevertheless, helium just right to give the | 


marne ара, within the Limit ef error af the work. Contamination with 
atgsosphere can be told by the presence of neon, The process requires 
great skill, involving ва it docs determination of uranian in quantities 
of gams per ton, of radiom im ten-ibousandths of a milligram per 
too, helium ia cubes ceatimeters per cubic meter of rock, and thorium 
ales in grams par ion. Methods raf developed by Paneth hare been 
рег by Шггу 28 

If, therefore, we бт Devonian traps giving ages between 205 and 
800 million теата br thé helium tebê, while minerals ік Dovenian 
pegzzatibes with imxinpes determined give agea from 277 to 300 million 
years, кше the errors by the beliumjmethod are likely to make tho 
ырға Loo low and those by tha lead methed ta make them too high, 
we may be pretty confident that 275 million years ago was in Devonian 


time, unless thers is а general eyetematic error not yet located, Thus | 


the ағы given by Stšlla in figure 2 must be somewhat changed, 

Thanks to Urry, wa thus hara tha peclogie column roughly outlined 
жа far beck вл there nre fossils, In fact, in the Могалийд mins we find 
тоска thai па bo be twice aa eld. IL remains to test the country 
rock where the minerals in tha pegmatite seem to be 1,500 millisa 
Fears old, as near Wimnipeg. Ia thia mon where Harwood writes 
of very old "Prekeewatin Кыйы," tha past waste a Hala, ка 
MMatiauch on а rubidium-bearing mica amd the change from НЬ (87) 
to Be (87) leads te ав aga of 1,700 to 2,000 million years," which agrem 
with tha aga determined by &nalyéss by Ellsworth, Hecht, nnd Kroupa 
ef uraninite am monazite, ай of which indicate an age of about 1,800 
million y vara. 

Thus, in spite of difficulties, progress ін being nada, аа resulta are 
ен from smaller and smaller quantities, and na tha methods of 
parting and determining Issbópëa are improved. 

7а Tam, W. Be Б... Fa masl Тэн реа эй ella Hem. Он. Жаңы, т L pp. EEH, Diddl 


r ibs keza көсені. Бай, Qn Ben Azur. тїй. dd, DOS SENT DERE wub GT, рр. НЇН, пн. 
^ urpis] pois: Бес. Ben xin Dia Niiunwipanaskifi e, TEL ті. Mls. 95, 8 188, ИШ 


J 


* 
/ 


Залата Һара, ЇЇ 





авцал ан EM PY [AMD ГУАЛГҮЛ 





Fina gra =a] Í ray martir mn sË ессе | 


mal шй Пен, Кер ндл, Balu m da 


Piaf | 











2. Бабий адн oF Рснлимтта Furr E n 


PiTCHBLEhDE) Mi! HT a Uns 


F ынкат MEM RAE MAMER LIME 
i хы A Fer COMA PLATE 


% 
маан ме МИЙ. Lisa PLATE Ке 





FER wEHDEHWEMS 4 ГАТЕЕТ 


y, т. MICE TO Ph oo ا‎ ун Баға А 


Ppa, Нау. Яав. Lamba, voli, 125, mpi. р. SL pe 


Тш ний ла ин ГБС таша radix ud 260 EA ГЭРЧ 


ME 1i E әліп 


& Mentor OF Carin LIRA МАС 
y id йыга ہے لے‎ Fd аа Г ЫЛЫ rari, Хо, 


ии үп сз пш 


^ p Г - rl s нінен ii ! B 
i'm par Яғ hake 1L. E KAT ийг ГЬ cane es тікі 





THE EARTH'S INTERIOR, ITS NATURE AND 


Ey Lemo H. Anew. 
атарға Labeenhwy. Corsage Гало. af Würkingiia 


[Wiih 2 рінен) 
Two eventa in the онч миз экан possible a zoteworthy 
ыітатсе in our knowledge of the surth's interior, and Bawa for tha 
first Linse extended our ideas on this subject definitely beyond those 
of the early Greek philesephers The two aids to progress were, гаў, 
the precise measurement of the elastic properties of rocks and, second, 
an improved technique in seinsology which permitted the оспа 
lation of reliable data on the speeds of waves from near and from 
disant earthquakes. Other researches in geophysies һата played ал 
important, although secondary rola, and have promoted 8 steady 
improvement im our knowledge of the earth as в whole. Tt is the 
object of this communiostion to summarize Їнлайу the present notions 
concerning the earth's interior amd the steps by which the information 
bas been obtained, 
ORIGIN OF THE EARTH 


A diseession of the interior of the earth ahonld properly atart with 
в consideration of its origin and its place in the universe, (Coegphraica 
begins with ёонгооропу, Our earth is a spherical body about 8,000 
miles im diameter Ноа гар in Bearly empty space. Пе nearest па. 
bor, the moon, ін a quarter of в million miles away. Together, thay 
revolve агпшай the sun at а distance of some 90 million miles, The 
other planets of the solar system dire around the аата man, which, 
although by far the largest object іп the sytem, is merely в atar like 
countless others that dot the sky, and is, вз stare ро, в rather small 
and ansspnilicank ane. Paparated from. tha sum by #narmausdistanasss 
are dhe other Hars of our galaxy, which has a disklike form and аш 
extent of at least 50,000 light yours, amd ja merely oue of the innemer- 
able spiral nebulae aeattered irregularly throagh apace af an average 
distance of perhaps 1,000,000 light your. 

Оп so vast а scale, our earth, a tiny planet accompanying a smali 
aiar, sairia bo dwisdla inte апааа бегаа, hut it ks after all the plese 
where we dwell and have our being, and for us it has the importance 
Тұла «Мынаны dd йл Адана Тыл, iraga айрынын al Wisideglan, Dalai 9f, 
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attaching to a great object, which, except for tha surface layers, is 84 
тей unexp : 

Tt № кюле generally scoepted that the earth was created from the 
parent sun about 2,000 millon years ago through tidal disruption by 
а passing &lar. "The subasquant liquefeetion and solidification of the 
detached mass of glowing gas formed the juvenile earth, This notion, 
advanced by Таша and Jedireye, ін quite different from thet involved 
in the nebular hypothesis of Laplace, according to which the sun wus 
originally surroonded by a rarefied nebala which rotated about the 
central mass, Ая the nebular material cooled it was supposed ta 
contract and increase ite speed of rotation, until finally the centrifugal 
lare wis gulficient to detach в ring of пакети, which condensed to 
form a planet. Although nocepted for masy years, the hypothesis 
was nay discarded on purely mathematical grounds. The theory 
now in favor also differs in many important details from another 
tidal theory, the planstesional Бурна enunciated by Chamberlin 
and Moulies, This waa tha first te account вы алийн for many 
of the major features of the solar system, and involved the forzsation, 
from the tidal protuberances, of ewarma of solid fragments (planc- 

i which сабагы around катыш nualai —— 
the planets. Тһе significance of the modern theory, for the purpesté 
of this discussion, lies in the wappesition that Ба arik for a brief finie 
ajter ity ereafion өлі entirely molten, well stirred by convection, amd, 
to the extent that the component substances were miscible in the 
liquid state, quite bossegeneous іп острова ен. 

NATURE OF THE PROBLEM 


The composition and state of the earth's interior has long remained 
в problem ef great difficulty. It ie at the amne time a subject of 
lasting imterest, alike fer the seientist amd for the layman. Tham ін 
always a certain fascination in the mysterious and unknown, cspeclally 
when it appears ünpessible te pavo the problems that are presented. 
It it should seem à hopeless task to learn anything about the interior 
of the earth, we might profit by adopting that philosophical attitude 
toward the origin of the earth and the nature of its interior which 
was expressed by Barrell ? as follows: 

Ты Helory of ibe mrih im read із Ше rocks which hawa been Шыл mp by 
internal force іі Бичиг nara DT aroma, ‘The camer genis ага charly 
recorded із {Бе шахааг ішкі milime of the sedimentary rocks and thelr fossils, 
Най tho elfen! formations base been folded, mashed, алй crysixllizad aci 44 all 
resembles bo thelr origional nature, али izEnzded by melion таласа шан айай 
inta grans and dihar баалы rocks. Falla, iba time markers of geology, If 
toon алал, bare bern desirayed, wl, as іп khë аяқта сі human Gortery, vaut 
periods of шве вре dimiy sessed thagh the disordered iad ода кәмей. 
Тан тікі intricately dixbiripd serica of ibe оын terrestrial peska 
кн of ал талт інігініе ба Which ЫР ај waier played thelr pers much вл pow. 
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varlar scale ihaz LO pn mage oe le em orn пшр and 
теше! [n the Éüels їй rising қтапіШе magman Herm the Юмс тесепі 
Tegina but tha mature of Ha beginning Жыл фз Їл тінге of g pee- 


Шы боп. АЕ the farther bounds of tula unpeeseded due, forever Шер 
frome direct вагта оп, Hes the origin of the ган. 

Bul lhe mind of man will rei bo Ба. loca ba may nci вэ dimcily ha will 
see by іштен, Convergent Ши o£ ёт єє deri from warisua байа of 
Ernswledpe тағ ha Ёст past way налын this goal, like hae paya peeled 
Кылар the Фереро оп tbe fell mean near tbe zargin of isa visibig harirpkacu, 
which por verge town ега гата pa Lie aide of the moon that no ig aa TI G nr аа. 

Lwrelopmenis in variocs branches of seienoe during recent years 
hare enabled us bo draw n picture showing, mm yet none too clenrly, 
what the interior is like, Any progress that may hare been mide H 
due to the joint affert. of many isvoatigatars, in tha laboratory and is 
tha fald. The measmementa and observations have been inter. 
preted through the medium of physics, of chemistry, sod of mathe 
matia, The important part played by these exact sciences in the 
кілніу of the earth was recognised many years ago. For example, the 
Advisory Commits on Geophysics of the Carnegie Institution of 
Wiabingies in 1002 stated in ite report: “The phenemena presented by 
the earth are the historical products of chemical nnd physical forces.” 


SOURCES OF INFORMATION 


We now расам to discuss briefly the various sources of informa- 
Lion concerning the earth's interior and to list Ele more important bila 
or evidence, which may be joined together ta give us a notion of the 
constitution of the earth as а whole. 

The sarfaee of the earth kas been thoroughly explored, and what lica 
just balow the surface of the land hus bees carefully and 
patiently анин) by рео for many years, Thanks to tho dissi- 
tion of the surface by erosion, notably in deep canyons, we аге able do 
learn much aboot the materials down to а depth of several thousand 
feet, so that we Bow have gn accurate picture of the rock masses that 
Ша below the euperticial layer of вой and sedimentary rocka — Undae- 
neath this thin veneer there is mainly igneous rock, that la, rock that 
has solidified from molten magma, According to Clarke's extimnte, 
the outer Hü miles of tha earth somasi of 05.0 percent igneous rock, 
4.0 percent shale, 0.75 percent sandstens amd 0 25 pereant Emina 
The labors of tbe geologist іште given us n store of Information con- 
cerning the structure and mimeral eenpomtion of rks nnd the 
interrelations of the varias formations, Although there are an svir- 
whelming number of rock types, with respect to composition and 
texture, curlousiy onough в predominating ameunt of the visible 
igneous rock is aither granitic or basaltic, ‘The land rarfaces occupy 
only about one-fourth of the area of the globe. Unfortunately little 

isali 
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as yet is known abeut the rocks of the remaining three-fourths, 
although something may be inferred from the geology бі tha ocean 
bottom by obserretions on ootanis islands, Direct sampling of thes 
осона боот hua been limited to a few inches in depth until quita re- 
gently, the depth having new been extended to soveral festa 

Supplementing the facta of geology, tha phenomenon of voleaniam 
yields important information concerning What we may eall the pear 
interior, ‘The existemee of volcanoes and the outpouring ef vant 
quantities of hot шама and molten lave furnish direct nnd siriking 
evidence of coaditions many miles below the surface. iti 
information of value has been supplied by measuring the temperature 
of lava lakes, of lava fows and of the gases emerging from fumarolas, 
Further evidence of а hot interior ін derived from the mensurement of 
temperatum in deep mines and boreholes, The temperature in- 
ereamea steadily with depth, but for reasons те! unknewm the бапа» 
perature gradient varies within wide limite from place to place in 
tha па. It шау increase вз moch ва 1° С, for each 18 meters or 
as Bite na 1° C. for over 100 meters, According to Van Orstrand,* 
the greatest depth attained in any boring is 12,800 feet (in Upton 
County, Тах); the highest temperature that has been meamared 18 
115° C, in Californias af a depth сі 0,000 feet. 

Astronomy yields data of high precision concerning the пиніюп of 
the earth, [rom which сап be calcslated ite moment al inertia. Ті 
preceidom of the equinox was discovered by the Gretk astronomer 
Hipparches im 114 B. C. From the accurately known value of the 
сотан of procession, it follows that the momen’ of inertia of the 
earth shout the polar axis із ВАМ 10g еш”. This i» a quantity 
that depends ca the distribution of density within the earth. For а 

ven mass, and for a given mean density, the moment of iseriin 
ele on the distribution of light and валу жамал if there ін 
heavy material at the center and light material at the surface, the 
menant of inertia would be considerably les than if the central 
density were smaller than that of the surface. The moment of inertia 
of s body may be described qualitatively as ila tondeeny to continue 
spinning when onte it has been set in motion Tt ia obvious ин a 
fiy-wheel londed at the eenter will apis Less persistently then if the 
гарав load were fastened із the rim. Similarly, the knows moment 
af inertia of the earth allows us to make important deduchiona ёоё- 
cerning the mass or density af varios positions from surface to center. 

By far thé moat direct ond definita evidence concerning the interior 
of the earth is supplied by earthquake wares, especially іп combine- 
tion with Isborstory measurements on wariaus paska and minerals 
The story has been told before, but it will bear brief repetition. When 
an earthquake occurs, clastic vibrations of varies kinds are generated. 
i Pipe, Ë. Шеш (ай Bes. À sar. түй О, рә. ыңқ, 188, 

i Nam Dreirad, ЇЇ. E, рыгы] once. 
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Е Cne rarieis través арос the surface and is responsible for the damage 
салым! by large earthquakes, More important for the present purpose 
ага tha two varbeties thet pasa through the body of tha earth One 
of these "througb-waves" consiste of сад ий ны! vibrations, analogen 
to ordinary sund waves іш nir; the bêe comets of transverse vibri- 
tions, more nearly akin to light waves. "Теш formatzen is im baord 
with the conclusion from the theory of elasticity that any disturbance 
im an ёл zobropie паа быта] на give risa do he two kinda of 
Vibrations, traveling with velocities depending only en tbe density 
and elaatic constania of the material BE each point. Euarthqunka 
WATTS, этэ aba ie are recorded by the 
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delicate instrumenta of the selamologist, who is able to distinguish 
the several types of waves and to tell with high precision their tima of 
arrival ad various stations, From the observations we шау comalrect 
for sanh kind af waive a “travel Lana -dirian cure, which shows for 
any distance the time required for the vibrations to pasa from the earth- 
quake center to the recording instrument. ТЬе mathematician is 
now called mpon. After subjecting the curve to а remarkable and 
intricate Mathematical analysis he finds tha shape of the path along 
which the wave travels—it turns out to be curved—and finds also the 
velociey at each point af ita path, that is, dhe velocity at the various 
depihs to which the ware bas penetrated in iis journey through tha 
earth from focus іс амина. Tho recent careful determinations of 
=: Repetti “аге shown im figure 1. The particular value of this velocity- 
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depth misiba Без in the Tact thet solely from laboratory mensure- 
Бал od the elastic совла of rocks (bo which Flirts will be rada 
later) we may ealczlate the wave velocity in various types of rocks, 
and thence, by comparison with the known velocities at several deba 
below the surface, make importast deductions concerning the nature 
and compesition of the material within the earth. It & os lf the 
earíhqeake waves, upa arriving wt the surface, carry with tham а 
message telling net only how long they have been on the way and 
bor deep they have penetrated, but elso how fast they traveled at 
seth point of thelr path, nnd finally the mature of the material through 
which they have journeyed. To bë sura, Ши aa ата іп code, 
but happily the code has been deciphered by the ingenious devices of 

Turning now to those laboratory measurements that pertain to the 
present ава, wa nata first the constant of gravitation, originnlly 
determined by Cavendish in the eighteenth century. Tha moat 
recent published rowalt, that of Heyl, ba 6.67 X 107* in нойл unita. 
From the measured constant of gravitation we know at once the total 
mass of the earth, and thence by combinailon with its volume, the 
mveruge density of the globe. The value obtained, 5.32, m в very 
important ana to which reference will be made later, 

‘The chemical composition of the rocks in or pear the earth's surface 
bas been subjected to exhaustive investigation. Ші a striking fact 
thet, although аһы} 1,000 different minerals ага known, the ime 
portant and esssntiál igneous rock-forming minerals number only 
about a dosen, and thet alibeugh somé 00 chemical elements have 
been fonnd in or an the earth, 11 elementa make ap 09% percent of the 
earih's laver. Thea elements in order of their abuzdance ure: 
oxygen, silicon, aluminum, iron, calcium, sodium, potasshum, mag- 
nasium, titanium, phosphorus, and hydrogen. Tho abore conclusions 
аге based em the studies of Washington and others of nearly 10,000 
chemical analyses of rocks, which show also thal the average kenesus 
rock бошли at the амар of the earth cormeponds to а granite or 
granodiorite. 

Of especial signifcance із the eompesitiom of matassritaa, As а 
result of many annlyses of ibise strenge visitors from outer space 
we now know that they consist largely of impure metallis ima and 
basic silicates approaching olivine in compotion. Absent, or present 
ашу in minor amounts, are the characteristic constituents of granite, 
such аж lime, alumina end the alkalis. 

An indispenssble item in the list of factors from which we hope to 
гелеһ definite боље concerning tha eurth's interior is ibe come 
pressibility of rocks. (me of the бай ар grants of the Carnegis 
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i Rari, F. E, Bur. Бінінгін Гена. Beans Pal. ds В ШЕЙ, 188. 


ч 


— 
Y 


THE EARTH'S INTERIOR--ADAME 261 


for the purpose of monning the elastia constants of typical мейе! 
The resulta obtained wore of great intereat and valus, although the 
method used was an indirect one amd the maximum pressure that 
was applied to the rock specimens was only в few hundred atneos- 
Phere. Subeequently attempts were made by asveral inrestipatan 
to zeasure the cubic compressibility of rocks subjected to pure hydro- 
siatie pressure. This sort of measurement E beset with many 
difficulties. The affect of pressure on the volume of solids ін very 
amal For moet mocks it is between опа and two parts per million 
per aizmosphere, and it is desired te measure this amall effect with an 
acournoy of 1 or 2 percent. Satisfactory resulta ware obtained several 
years аға ab the Ematitutiom'a Geophysical Laboratory by the ma of 
high hydrowtatic preseures—10,000 atmospheres or more, High pros- 
кете, under hydreatatis conditions, baa [three important advantages: 
First, because the pressure conforms more nearly to the condities at 
great Дар ын below the surface of the earth second, because the volume- 
changes, which are so small when only cna atmosphere із available, 
are multiplied 10,000 times; amd third, because by the use of high 
prasama we avoid the irregularities that appear at Кун pressures, 
—À—M (E 

these measurementa the so-called piston-dieplacement method 
Жылдыз The specimen, usually cylindzical in form, wan placed 
inside а thick-walled cylinder, or bomb, of epecial steel, where, eniirely 
surrounded by a thin liquid, it was subjected to the desirad рғы. 
А piston with a lenk-proo! packing waa forced into the bomb by means 
af a presa and the pressure thus built up. А general view of the 
аррагайша used at the Geophysical Laboratory for measuring the 
compressibility of rocks ін shown in plate 1. The amanê of movement 
af tha piatan ін obviously a measure of the volume-change of the 
material within the bomb. Therefore, by reenrding tha motion, or 
displacement, for a series of pressures, and correcting for veriqus 
fectors such aa the compressibility of the liquid, we obtain fipally the 
compressibility a£ tha specimen. 

Although it would be desirable to have similar direct measiremenis 
ûl the rigidity of rocks, a mabstitute is afforded by the above-mentioned 
seixmologie dala, which show that the material at comelderable depths 
is sensibly isotropic amd that the elasties constant called Poisson's 
Talio bas the nearly constant vabas, 2.7. Thin justifies the use of а 
simple relation im the theory of elasticity to calculata the rigidity of 
rocks at high pressures from the compreesibility mewurements, and 
thenea to calculate the velocities of the transrerme nnd longitudinal 
vihrationa. 

Üver а period of severa] years many sue maasurementa and caben. 
Intions have been made en numerous varieties of granite, diahase and 
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other rocks, and on the coron reck-forming minerals. Flit zia | 


Чинь Шаба from the resislba, wara first, Мин! typical 
rocks had m mush lower compressibility, and hence а much higher 
ware vülecity, then had previously been supposed; атый second, that 
елері for very low pressures the compressibility of à given rock was 
marely the average of the compressibilities of ite component minerals. 

The nbore-incationed resulta wer chtained at or sear room temper- 
ature. Quits mecantly Birch and Dow at Harvard have been sbin to 
tarry out mesaurementa aê elevated tomperatares and thus to supply 
information concerning the effect of temperature om elasticity and 
were арчын] in төг и! < = 

Brief mention will be made of one other experimental research, 
which is pertinent to the general subject before ия. hia is an inveni- 
gation of the effect of high речната om the critical temperature al 
whirk irom lees іла magnetima. 1 was carried ouk ва m joist effort of 
two branches of the Institution, the departenent of terrestrial magnet- 
jam amd the geophyreal laboratory. At or abore 7687 C irom boses 
іш strong magnetic properties. Any maser ef metallic ima within 
the earth аға subjected ёо the combined effect of high pressures and 
temperatures. In onder ta learn something as to the possibility that 
deep-seated metallic iron, despite a presumably bigh temperature, 
should still ba strongly magnetic, measurements of critical bamper- 
ature of magnetization ol iron and other ferromagnetic materials at 
таштай wp to 4,000 atmospheres were carried 005, Tho final теве, 
that the effect of pressure on the critical temperature wea practically 
nil, ог probably oo greater tham 0.001° C. per atmosphere (for pare 
iram), will be referred to presently іп connection with the core of 
the earth. 


photograph of а portion of the specimens that have been investigated. 


TUE INTERIOR ОҒ THE EARTH 


The obwerrationa and experimenis that have bean described hare 
not been intended merely as а partinl list of unrelated facts in tho fold 
of geophysics. They ага Ша main ерове by which we аға enabled to 
воіеа, at least partially, the problem of the structure of the earth's 
шинээ... We am now quite cerialm that the earth conszata of гоё 
principal regions or cones, the cora or central region, the crust or 
өзршегін! layer, and the intermediate zona. 

That the material of the carth near ite сенін must bo very heavy 
was one of the earliest conclusions nnd an excellent exasaple of deduc- 
Lions eoneersing the інінтіпт, Simeo the average donsity of tha earth 
ка a whole Es 5.5, ва determined from the measured comstant of gravi- 
tation, and since the average density of rocka found at the warface is 
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enly ний 22,itis obvious that tha central далай must be much 
higher than 2.8—perhapa 8 or 10 or 12—in order for the average to 
come cui right, Thin high danaity in Ше салга! region might be due 
із oiher of two causes: (1) The squeezing of ordinary rock into а 
Euch semalar тайллыг wider the enormous pressura бий ta tha waight 
ûl auperinecumbant material, or (2) the presemen of sore other, intrirai- 
cally heavier, substance such аа а metal Тһе frel altarnatiro Taz 
eliminated by using mêlê data Lo Lal] ua the compressibility of 
rocks at great depth and then computing the amount by which the 
volume ef silicate rocks could be reduced at deptha well toward tha 
center, ‘The maximum by which the density of tha materia] sould ba 
increased tira out to bo surprisingly large, bat entirely inadequate Бог 
giving the required average density of the earth. Wo must conclude, 
therefore, that it is тардан буу anon fer the high density of tha 
earth by compression alone, and thai at and around tha center there 
В а considerable amount of an intrinsically heavy substance, The 
caly тарынып cheies ig matallis iren. This slamant ін iha Fourth iñ 
ender of abundance in ordinary rocks, it Es ales abundant in tbe sun 
as ahoan by the apactreacope, and іп bodk the metallio and combined 
form it ін the dominant constituent of meteorites. Ву analogy with 
meteorites we should expect that the pore would not ba pura iron but 
rather an alloy of iron with several percent of nickel. The motion of au 
iram core іа nob ú maw опа; ib was шағам! by Пава іп 1873, and 
developed by Wieohart und others in later roars. Stil] earlier tho carik 
тая considered to be в great ball of granite, chemically bomogeneseos 
threuphout, bat we hare жылғ pase beyond what may be called the 
granito ета in geophysics, and our ргевип convictions are Їнэн on 
(ан үй. evidence of tho presence of some beavy material ai 
Ша enter, 

We may therefore speak with enfidenee of an iron or niekel-iran 
ture the diameter of which zm fixed by se;mmologin data at 0,400) kili 
"meters, or а Little more than one-half the diameter of the earth, and 
tunüresBd by the mement of inertia determined by аяганы А! 
observations The core ін plastic rather than rigid, алба îl does not 
Tore haa no appreciable influence om the earth'a megnotism: and the 
pressure кі Ия center, ms is євийг calculated, reaches the enormous 
value, 3,200,000 atmosphere, We know the core іс be very hot, 
ше it has not yet been posible ta arrive at an entirely satisfactory 
eatimnte of the contra] temperature. Free comsideradionsm connected 
wiih the origin of the arth, the conclusion bas been reached ?* that 
the temperature im the far interior is of the order ûl 3,000" С, 

Although the existence of an iron cora is ponerally aceepied br toss 
whe haye interested themuelves in ike subject, а fiw investigators 
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have dowbted tha validitw of this eomelusion. One, for example, 
prefers to explain the high centrel density by the combination ol 
atoms under the conditions of high preaware and temperature to form 
heavier atoma of various kinds, Others have inclined to tha Баай 
that under sufficiently high pressures the structure of all solids will 
collapee, leaving a material of the same chemical composition and 
greatly increased density. 

This reminds ana ed the heated discussion carried] on some yours ago 
in tha columza of а magazine devoted to popular science, ns to whether 
ibe watar at the hotter ef tha созған was as dense as cast iron- One 
fection contended that engineering data skewed that materiale or 
piraeiures subjected io woflcient compression in a testing machine 
invariably failed by crushing, and that at considerable depths in the 
соғар the water would craah, of cave in upon їе, and thus besome 
ая dense ва а heavy motel, “The principle that was overlooked in this 
contention waa that it ia relatively тогу difficult for pure bydrostatia 
presaure to make a structure collapse. It is true that we mat be on 
guard agaimat applying the experience and conclusions pertaining to 
а limited range of prasama and temperatura іс the esimni con- 
ditions prevailing in tha interior af the earth. 

Оа thé other hand, various comelderationa indicate that the posta 
lated transmutation of elements and сс шарав of туз ай structure will 
take Place only under pressures and temperatares of a higher order 
«| magniteds than those existing in thé earth, that із to say, in the 
interior of glass rather than planeta. 

ом Ра эх йы жашын Pah бин иШ‏ ی 
attention to the outer layer, сопиаоейу called the crust. This term‏ 
dates back to the time when the earth was thought to const of и‏ 
thin solid crust mirrounding в molten interior. Bus the potion of a‏ 
веша ea floating on a thin liquid is now abandoned, although the‏ 
word Їр etl] mand із designate the outer layer, perhaps 40 ar 50 kila-‏ 
и Е, with properties very different [rem Шинэ of the material‏ 

М. 

From geologic studies И has lang bean known thet tho arenagibla 
part of the crust consists largely of granite. Whew tho merase 
ol the compressibilities of rocks, already referred to, wore made and 
the veloeity of longitudinal vibrations im typical granites found to be 
55 kilometers per second, it wam therefore а source of gratification 
te find that thin was precisely the apeed found by the ecismologiat 
for the longitudinal wares in the outermeat parta of the егіні. From 
seamologio data we know that this granitic layer varied ін thickness 
from place to place. In continental arena ib may bo na ШИ aa 10 
kilometers or аа шлий ва 80 kilometers ін thickness, while in the great 
enean basiss |t Брраата to ba entirely missing. 
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Underneath the granitic layer the crust, as indicated by the velocity 

of earthquake wares passing through this region, ін basaliic in com- 

; position. ‘There i» soma evidenes for а transition layer intermediate 

4  ineompeoition amd] position, but apparently the crust comsista largely, 
if mot entirely, of the granito and basaltic layers, 

Ву the mathematical theory of heat comdection the temperniure 
throughout the eruat may be estimated if three principal factors аға 
known. Tha are (1) Ше age of ibe earth, (2) the average amount 
of гадзавс га substances in the exporficial rocks, and (3) the terspera- 
fume pTršdiani at the өшгізер. The age of tha onrth—that la, the На 

| that bas elapsed from tha initial solidification t» (be present. timo—is 
I probably not far from, 2,000 million years, mince minerals have been 
| 

| 

| 






found, това age аа determined by the lead-araniim ratio is 1 500 
millon years, агні simo from найгошогшса! considerations an upper 
Шай of 3,00) million увага ін indioated. Tho average amount of 
radium in the rocks found at the surface ін about 3 parts in а million 
million and the average temperature gradient іп undistarbed regions 
is 0.022 С. per meter. Although these items are all subject to oon- 
aiderabla uncertainty, they allow um бо construct. a usghel curve, irom- 
ing how temperature varies with depth. Expasially striking ia tha 
сопс ой that below about 300 kilometers tho temperature is nearly 
the sme ва it was originally; the greater part of the earth is now аз 
hot ай it was when solidification ferat task pliss. 

The захиагаа portion of the crust ін almost entirely crystalline, - 
Glassy or wmorphous maternal is comparatively rare. Whether the 
deeper paria of the amast are errstallina ағ ЕЛаяау за ж question "pem 
which there is not yet complete agreement. It іа worth while to note 
that the question cannot be answered by referring bo the 
depth curve already mentioned, because the. only auch curves that 

have been contracted wara bius] om tho supposition thet tha tarmina- 

tion of the era of freo convection and the initial cooling of the arih ва 

A solid body жеге coincident with the freezing of the molten magma. 

The intermediate топе 2,000 mika im thickness extemda from the 

Г bottom ef tbe crust to ¿ha top of the irom care (son fig. 2). Тая atriking 
| frabores are the major discontinuities in the velocities of caribquake 
| waves at the upper and lower boundaries. Риза from the crash 
| down through the upper surface of thia region, kongitudinal wara 
suddenly increase their speed to 8 kilometers per second. The labora- 

tory mearureméents on the elasticity of гоён, mentioned above, 
indicated that caly two kinds of rock could support во high a тар 

at the moderate pressures appropriate at a depth of sbout 50 kilt 

тоМогь. Thess аге dunite and eclogita, rocha that are found in few 

places af the насо of tho earth. Walghty evidence pointed to tha 

= first of theee sa tho moro probable constituent of iha intermediate опа, 
! and the conclusion was drawn that the shell consisted of this olivina 
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rock вай that therefore the whole earth, except for tha iren anga and 
the relatively thin crust, wos mide up entirely of magnesiurn iron 
orthoailicate. IL followed that four elements, siran, oxygen, 
magnesium amd i їгїт, composed thelbulk of the earth's substance, all 
the other elements being" present in minor amounts. 
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The force of Ш conclusion has been weakened somewhat Бу tha 
recent moanmamenta ef Ням amd] Iw, mezüoned above, on 8 
specimen of disbase from Vinal Haren. Tho result obtained for the 
compressibility leads іс & ware velocity equaling that found in the 
upper part of the intermediate layer, amd thus appears to invalidate 
iba anament that the presence of dunite от регифо in this region 
is necessary im order to eecount for the observed velocities of earth: 
шайга below dhe Бэ Мона! iba eruat. The хил ны! uselwasalinéar 
өле, the cubic enmpresaibility being inferred from the change in length 
of a small rod exposed із presxure, whereas at the Geophysical Labora- 
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tory the velume-chnmpe, being measured directly, ін independent of 
the degree of isotropy of iba material. In view of the fact that the two 
methods agree remarkably well for вопротоша substances such ая ага 
slash a r битий, limestena, the writer prefers té accept 
the генін of direct rolume-change mensurement and the conclusions 
based theron, aš lial ший! measurement by the linear method are 
mede on specimens of dinbase cut in three mutually perpendicular 
Hire біта, and until further messuremenia by both methods on the 
same samples of rock become available." 

From chaerrationa on tha tidal deformation of the surface, the earth 
Ваз lang been knowm to ba һа rigid аа ates, and from ssiamologic 
data we find that from crust ӛз com the rigidity increases steadily 
with lecreasing depth. Те is very clear, therefore, that the enrth ва a 
whale ia "еэ", but whether its substanés, particularly in thé intér- 
nuwliate zona, i crystalline or glamy ія more difficult to decide, 
From what information we have it docs not seem posible that any 
silicate glass of a composition favorable for remaining permanently 
in the glassy state бап support the requisite ware velocities. Although 
there may be, amd probably nre, shallow sones or limited regione cf 
Палау material, tha weight of evidence, іп tha writer's opinion, seams 
te favor oryetallnity for practically tha antira silimia part of tha 
earth. This m а mabject for which admütbelly there ше decided 
differences in the viewpoints of various investigators, Lack of space 
prevents a complete discussion of the subject at this time. 

Мапу circumstance, conceming which therm ін at the moment 
сәу тесі the for discussion, ledicate that the early history of the 
marth wia ля follow: The pricaitive molten rg ennmabimg mainly 
of magnesium iron silicates with smaller amounts of other oxides, 
including water, together with a considerable amount of metallic iron, 
first separated into two larers—malten iron below and silicate magma 
above. Tha яШеніп layer then Берип to crystallize nt the bêlan. 
As tho solid layer increased in thickness, the minor constituenta, in- 
theding water, were concentrated бо а greaber and preater axtent іп 
the remaining liquid. Finally, when the liquid laper had been reduced 
bo & thickness of a few tens of kilometers, nnd was much richer іп the 
originally minor eoestituenta, the crust of ihe сат was formed. 

One ef tha meu cogent тайызға for believing thet the sarih ін 
eryetalline le that in mo other way can we easily secount for the fact 
that the eraat differs во markedly from the interior. Granting that 
the earth wis ones pool ten and well atirred, we apparently mest admit 
ihat the separation inte zones os go large а scalo task place miber by 
the falling of а таа insoluble liquid to tbe bottom (thas ргон ч р 
the iron core) ог Бу the residuum of a process of crystallization, thas 
reiderum becoming the eraat, 
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CONCLUDING REMAREH 


The problem of the earth's interior bag not уй! been solved. 
Although much la known zbaut conditions far within the earth the 
interior still holds may mnuystericn An explanation of the mechaniam 
by which deop-locus earthquakes secor ia lacking, end we hare na 
бізше ña ty the underlying couse of the numerous minor discontinui- 
ties in the earthquake volocity-depth curves Better knowledge of 
the temperature within the earth would be of great willity and, 
ssgeciallv, come basia for a mora precies estimate of the original tem- 
perature of the molten earth. A general understanding of the great 
intermediate zone is essential bedore we can make satlafactory progress 
in investigations of (be crust. 

But aliheagh much remaina for the future, we ате able to point to 
a number of definite accomplishments during the past several уғата. 
These are (1) precise measurement of tha elastic constants of rocks 
amd tha determination of the speeds with which elastic waves will 
travel through them; (2) the identification of the upper half of the 
гая as алдтал layar; (8) a demonstration that tha care of tha earth 
contains а heavy material auch aa iren: (4) an explanation of the tuo 
major discontinuities within the arth in terms of the elastic constants 
of typical rocks; (5) dhe eapplying of strong evidence that large masses 
af iron may exist in the interior withowt inÉusncing the earth's mag- 
ший field, amd (6) the establishment of ап improved temperature- 
depth curve for the erast and the region immediately below it, 

Is агаар на to paint в picture of the deeper parts of tbe earth, 
ihe best we can do at prosesi la to draw the outlines. Perhaps future 
developmenta may emabla us ic make a beider drawing and even to 
fill in something of form and color, 
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| ORIGIN OF THE GREAT LAKES BABSINS' 
By Faca Р. Еккғані» 
| Unisernitg cf (Путина 
INTRODUCTION 
Tho time-honored hypothesis of glacial excavation as the principal 
cause of the Great Lakes basins appears to Бата fallen into disrepute. 
Мон: of tha lanat taxtbanks of рьмМору amd physiograply either fail 
to mention а causa for these greatest of the world's fresh-watar likes 
or dlate merely that the basins are the product of ішкі warping, 
glacal атомов, &nd glacial deposition, A number of writers have 
questioned the power of ica in continental glackers to produce deep 
basing * ond bare given тєйва for believing that other factors were 
madre important However, for one interested in tha Їеб-огойон 
hypothesis the preñtnab purpriss ін to Bs fond im а resent artisla 
regarding the bathymetry of Lake Michigan." The writer of that 
paper boldly discussed the origin of tha basin without oven mentioning 
the possibility thet glacial erosion might have bata а factor. Is ia 
` time thet someone challenged this growing neglect of tha glacinl- 
erosion hypothesis before it reaches an undeserved state of виши, 
Ta present writer became interested in the problem through the 
study of submarine topography and particularly through comparisons 
made of the bathymetry of the Great Lakes with that ef tha conti- 
Denial shelves and inlata in glaciated territory, 


ORIECTIONS ТО ICE EROSION 


In regard to the Great Lakes the best etatement of the objections 
of ipa erosion ів to ba found in Theraites" Outline of Glacial Geology," 
i наш ър paya intim жай. an ња. 
тутт фести tr or, 
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Ela сай attention to islands of weak rock in the Lake Saperior Basin. 
На notes that tha basina ara too wide to be properly described as 
U-shaped, and he questions the existenes of hanging valleys along 
the margins. Furthermore, he redera to similar basins which extend 
across the direction of ісе movement amd to neighboring basins in 
Wistonsin which ата “explicable only аа depressed parts of river 


where bea did not eren remove ihe weathered material. Finally, hà 
ape ¿sabia on theoretical grounds of ike capacity af conti 
nenial glaciers to erode deeply, The objections of other geologists 
are adequately covered by those ашпа points, 


ALTERNATE НҮРСҮГН ЕЕ 


That glacial deposition blocking the еліні of preglacial depres- 
moms із the prlzelpal cause of the Lakes bas оеп suggested. Spencer! 
belseved that the basins were cut below present sea level by streams 
в rewal of wplift prior to tha glacial peril. Attention has also 

called by Thwaites and others to the warping in the Great 
repon Which might suggest a Фвасгорын origin. Other deep 
such as tha Rife Valley lakes of Africa, the large lakes af 
Asia, ond the basins of Nevada and Utah have been caused hy 
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TESTS OF THE HYPOTHESES 


DAIFT-ESTHUCTED FERGLACIAL TALLETS 

In the fret place, if the basins are largely drift-obatructed vallays, 
tal originally by river erosion, the bottoms of the basina should be 
higher than the rock floors of the seaward azteneion of these old 
valleys. Also, the basins should show сгом-ын4 онь of а character 
suggwative of river erosion amd in keeping with the relation of the 
valleys to the drainage divide, 

Them expectations are net fulfilled. IL is well known that all the 
Great Lakes ілгері Lake Егіз extend below sea level (for maximam 
depths sea fig. 1), and their rock хой may be at a much greater 
depth iban shown by the soundings becausa the retreat of tha des 
may have left considerable drift coverings in these basina. Тее. 
notes that "well records fail to ahow amy wide preglaelal valleys 
leading cut of the basins of the Great Lakes," nnd "* 8 ж the 


rock battoms of the Mississippi and other preglacial valleys are much UM 
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higher than the bottoms of the Great Lakes." š In order to assume 
some gradient toward the Mississippi, which was probably the pre- 
glacial outlet of the Great Lakes drainage basin, the bottoma of the 


‚ proglecial valleys must have been almest на high ns the present gur- 


Таба of thé Great Lakes. Furthermore, the area in question, being во 
centrally Бэгагад, mast have been «ав to the drainage divide. It is 
hard to бөлейіте of river valleys in mock а keaton with floors ms 
wide as those of tbe Great Lakes basina (fg. 2). Nor do the sides 
of the basins hove the typical sinuama outlines of river valleys. Undir 
the circumstances it stoma unwise із aliribute the present deep 
ран алша с MN NN ee M TT 
bility that amall rivez-ralley depreasiana existed along the lisan of the 
ree ИН pits As в corollary, glacial deposition 
must be relegated to the unimportant role of helping іс Limit thn 
тізе of basing formed in other waya. 
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BIMELAR MARTH ІМ OLACIATED REGIONE Ін GENERAL 


А second test may be mada of the relative merita of the hypotheses 
ef glacial erosion and diastrophism. If the basins mera die to glacin- 
lion, similar Банша might be found widespread over the glaciated 
territorios of the world; whereas, if they arm disstrophio, roch = wido 
disiributlon іс glacated regions would be most unlikely. In eonsidar- 
ing this criterion three things must be borne in mind—firal, that some 
ûf the basing do naš appear па lakes because they ате completely sub= 
merged by the ocean; second, (hat the basia іп areas glaciated in 

epocha would hava been filled to a considerable extent; and, 
third, that the greatest pooping action of the ісе would ba 
around or close іс the margins of ісе sheets, sa that tho absence of 
baziza in the interior would mot be significant. With thass paints in 
mind we may praesul to nn examination af the principal glaciated 
territoriea 

A map ûl North America (Bg. 1) shows a series of large lakes cocupy- 
ing basins іп the soft rocks om the south and west borders ed tha 
Canadian shield, and bathymetric mapa show that a lowerlmg of asa 
level would leave similar lake basins in the gulfs and bays нг Шина 
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and north of the shield, Tha Great Lakes basins are neither tha 
largest nor tha deepest of these features. The Finger Lakes of New 
York Sate and Тав Champlain are smaller than, but almost as deep 
aa, the Great Lakes. Tha Gulf of St. Lawrence is comparable to tha - 
Great Lakes and contains langa, deep, rimmed depressions” Along 
the coast of Labrador a few inlets, notably Lake Melville, are alo 
aa rome ee ООО St 


ылы ам оа in adi 
have been charted only very crudely, and soundings are scarce. 
Such information aa is available, however, auggesta that these bodies 


tain basins of a depth and size quite comparable to the Great Lakes. 
Hudson Вау baa been sounded suf&eiently to алғ that it has barina 
within if which compare in dimessions with the Great Lakes. Great 
Bear Lake, Great Glave Lake, Lake Athabasca, Reindeer Lake, and 
Lake Winnipeg are almost ua large sa the Great Lakes. ‘Their depths 
аға тай wall known, but soundings in Great Slave Lake show а maxi» 
mum of R25 fest and in Great Bear Lake of 450 [eak depths not 
unlike those of the Great Lakes, On the other hand, Lake Winnipeg 
deza naš hawa depths much in excess of & feet oo Tar ая ін known. 

Та Ша European glneinted шға (fip. 2) thera nre тїшї large 
lakes, and the кола and guifa contalm masy basin depressions. "The 
Skager Rack, south of Norway, has а вар, rimmed hazin? Tha 
Baltic Se, the Gulf of Рой, and the Gulf of Finland ай contain 
sizable deprewions. Farther east in the Soviet Union ата Lake 
Ladóga and Lake O&ega. Tha White Sea containg a Авар Байт, and 
tha eontinantal shelf in the Berenta Gea contains а series of deep, 
rimaned depresdons, 

All Нина snopes of large Баяра in glaciated region of relatively 
low rellef show that the Great Lakes are features chnracteristio of 
continentel glaciation, The sreas шин хийу outside the glaciated 

mgbasa, together with much of the area of marginal glaciated terri- 
Vr. жы. Ika билэн mara thin хай fice dices ha hora few 
bazina both on the lands and em tha continestal shelves, — Accord- 
ingly, if appears that the (Great Lakes аға іп some way related to 
glaciation, 
BIAETEOPEISAM 15 GLACIATED ТЇЙПГТОЙТ 

The ром Гү must bo eonssdered that the abuedanes of bisina is 
the ginciated territory simply means that this territory has alea been 
very active diastrophically, “Testa will be applied іс sa whether thia 
r Bapa, F. Р. Tha М. Талтына фарса батын шысылта me, Pel (ad. Бан Ag. НЫЙ, qr. 
probra nal ямр aha ёр ú, р. uds 
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ia the cage. Firat, let ua consider tha earthquake dixiribulion in 
ген to glacial territory. If we place the great seismie belis and 
the glaciated territory on the same world-map, we find that the two 
hardly coimeade wt all (fg. 4) Further consideration showa thot 
beth the Seandinavian center in Europe and the Labradaeriam and 
Keowatin centers in America are related closely to ancient shields 
where «Лу Bas long been developed. Nor are there notable 
Taal scarpa and fault troughs developed in these regions. 

Now, if we consider the other агада of the world which contain 
large Ьыіра, we find в very different picture. — These areas are food 
quake belts in praetizally every quae, ‘The аваа can- 

and all other indications of having been 
л зэр, 
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Tho argument that thers has been warping іп placioted territory 
іп postglacial times requires some consideration since this may rop 
reeent the cause of the basins. 18 la generally agreed, however, that 
this warping № the result of readjustment of tbe earth's crust fel 
lowing the release of the load of the continental glaciers. The come 
pilation ef the dota by Gutenberg № shows that, so far ва the Great 
Lakes агса ін concerned, Шығай а ргоргемата rise [rom the анай Пар 

# boundary of ike lakes to the north. The principal Тын of ach а 
ЇГ тінін be to decrease the size of the basins, aod ib certainly should 
met be considered na an important factor in their production. 

MOVEMENT OF THE ІШЕ 

Tho тагиная opponents of the idea that ice excavation із important 
һата made much of the presmnea of deep baales trankweram із tha 
general зуйл. of ісі, This la trae of many of the Borda along the 
тапи glaciated cómita of the word. ТЕ does oot, bowever, dis. 
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interior, This obaerration hepe «explain why there is such clear 
evidenca of excavation aleng certain valleys in formerly glaciated 
терінде whereas the uplazdis between the same valleys were БО! sub- 
jset to moth glacial erosion. m 
That the ioe did move down the Great Lakes basins is clearly in- 
dicated. ‘The map compiled by Leverett shows the varius Lobes 
af isa which occupied ach of the basina. These labes hare bean 
demonstrated by the glacial тайата and by the morninic belts 
which surround the outer termini of the Great Lakes basiss 


DOMTARIBON WITH FIDEM AND OTHER GLACIAL FEATURES 


Ti is quito generally concede that fords are dua largely to glacial 
erosion. Also, the lange lakes of Swibnesland and other glnciated 
mountain ranges are certainly glacial &xcavations." The writer 
called attention to tht completa gradation which exista between 


along the margin of Lake Michigan which he thought extended to 
depika of ê feed. 16ханаа ® subsequently examined the evidence 


5i prin 2-11. Tia Bord прш of ын бітті. Geog, Йот. ры. Paka. TË, B. 004, НО. 

ii Таталнь, Fo шый ТЫГЫ, F: Dy Тв Paina a Iodine кеі Мад. 11.8. бан. Багт, ОВО. 
B, pl. & app. р ° 
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кскеігей ko Pi Char наадна whieh айн НБ рл авга Шырп BETE “Гай peint is таш eerie pen Шү 
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ылы, Ғ.Ғ. llasha] rath of the continental hae. Panra. “ий. vol. ERS, pue HT- UH 
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for these terraces and concluded with good reais that the scundinga 
ағысы parent such generalization as Andrews had made. На 
wogpested that the бағтағын and тера on the lake floor at soma 
places were subanerped land features — However, some of tham val- 
leys cited have been shown by the recemi warvaya to contain deep, 
rimmed depressions ao that they сал hardly be ascribed to river aro- 
sbon, amd пеат tham are similar featores more than 600 feet deep (fig. 
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6, lower left comer), Is DL moi more reasonable to assume that these 
Textures were predated by plasial session, тарага aa вота of tha 
submerged таЙете bave dilin Uahaped transverse profiles? 

Tha irregular topography of the lake bottoma, expecially that of 
Lakes Superior, апррына. that it haa not been greatly modified by 
pripona deposition. The “mek bettsm"U renopbed [m surtera 
from various parta of the lake floors and glacial till reported from 
Lake Michigan H and бола Lake Ene" corroborate this conclusion. 


"Үрээ اا ایا ا‎ тайы Man. balnei, 
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THICKNESS ОР GLACIAL DRIFT 


Une of the most convincing arguments favorable ta glacial ercana 
tien of the Great Lakes із the enormous quantity of glacial drift 
found south of these basina. Despite postglacial ércaion amd the fact 
tha a large percentage of the debris was carried beyond the glusial 
Margita by glacial outwash, tha surfaces are, novertheless, covered 
with drift which im remmenly à hundred ar aven several hundred 
lest in thickness. Furthermore, tha nature of the drift is werh за ta 
suggest derivation from adjacent lake basing aa, for example, the 
elayey ЕШ af Шізгін which wes preeumably derived frem tha shales 
of the Lake Michigan basin, The freshness of а luga part of the 
drift, particularly the younger sheets, shown condbesively that tho 
placera were digging inte solid rock rather than just removing tho 
шаййа rock from. old weathered surinama. 


CONCLUSIONS 

The various teste which have been applied to the hypotheses of 
origin of the Great Lakes appear to give overwhelming weight to 
glacial erosion жа the principal cause, Posibly auch a осів ін 
not justified, but more significant evidence should be gives before 
ang alternative шайы af origin. If it is tree ihai the Creat 
Lakes, the various other large basins in glaciated territory, amd the 
deep arma of the ocean along glaciated соаяй are all largely the prods 
uet of glacial ёгомоп, one i led to wonder whether the glaciers were 
noi much thicker than commonly assumed. Ап wrerege thickness of 
4 miles or more for the continental ica mames have been tozet 
by the writer as à санаа of great lowering of sok lovel to permit tho 
cutting of submarine cantons. If ibe ica wan that thick, the euttieg 
od largo basins might have beon greatly intensilied. 
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THE BIOGRAPHY OF AN ANCIENT AMERICAN LAKE! 


Ey Witwer Н. Baier 
басқын, LT. 5. Сео Serpey 


[With 4 platen 


Ая im alden Lines, When Kublai Khan held absolute rele ower a vast 
domain and propreszively amnassnod greet wealth by raasom of the 
ініме that flowed im from ostlying provinces, so in m far remoter 
epoch, long antedating bumen Ёлаагу, в great lake held sway over a 
vast area im tha Кост Mountain region and gradually accumulated 
in tremendous volume à potentia] n&turnl resource derived fram the 
ғала unfailing supply of energy and from the mineral burden that 
Bowed im from шынық lala through Ия Яна айыға. 

So remote was Ши epoch that could we go back to it in time we 
would be compelled to gage our progres by the alow erelution ol 
animal life and the gradually changing expression of the earth's fuco. 
Wo would havs te ра backward with sndreamed-a! арыі past a 
pageant of animala thet өн the carth in alow succession ва 
svoluian molded them. бо short i men's history thet it would ñit 
br too quickly to be perceived, эгээ 
throagh the silent ico ago, wo would ses man's 
together with giant біліне, giant bears and beavers, sad tha soe 
тааватшаїїй. Farther hack wa would meet amall elephania and, on Eha 
Тініга, bands of horses, wild asses, and camels, Farther back in 
mèt Bighi we Weald fim their smaller and ever amaller precursors. 
Suddenly would appear the hippopotamuslike titametherea and а 
boat. of other strange ғғаһбптан, each loading a sucesion of amallar 
and les specialined ancestors. Finally we would босов to the time 
af tha diminutive feur-toed horses, which 4 гай іп the forests and 
prassy parks ef that epoch of long ago when the ancient lake галай 
inito ila regenoy. 

This great lake, known аз "Lake Uinta,” occupied a long, shallow 
basin of dowtwurp of the earth's crust abouk a hundred mika south- 
east of Utah's present Great Salt Lake. The record it left is pre- 
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served im the form of am ис body of nearly flattying beds өг 
layers of fine-grained rock similar to Lithographic sione, This great 
body of rock ia as long ns Vermont but considerably wider, and in 
places it is almost а mile thick, Deep canyons amd wide valleys are 
now eut through it im all directions, so that the whole record is века bla, 
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The thin layers thus exposed hear n. remarkably close resemblance to 
the leaves ola kesk, Indeed, Иа тайға than а superficial resembhlanoe 
for the тыз аге in faet pages upon which ara impreasad aymissla that 
portray avents of that про so long pasi. | 

Modern books are so Zamilinr ibat we take little thought of iheir 
ccemiruceison amd have ne duheulie in reading their meaning. But 
when the earliest written records of man were found they could be 
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read only after learning how the symbols were formed and what rala- 
tion each bore to modern language. So it is with tha record left bz 
Ше ancient Lake Uinta. — Gealogista in tha seventies of the last century 
pried apart the stony pages nnd found thai they contained a story 
about an ancient lake. But tha story could be read mo faster than 
the selena of geology grow and provided the kaya for interpreting the 
symbols. Moreover, the reading wan slow beosuso fragmenta of the 
record came te light only piecemeal аа oxploring geologists penctrated 
mora and more deeply into thosa parta of the arid West away from 
ордны routes of travel And Gnally, long раяяқген in tha text 
rensainad obscure until the study of modem lakes revealed what mia 
taking plete in them, fer the ekaraeteristica of ав amant lake can ba 
wnüerstood only by analogy with tha lakes of today. Thus only 
recently, aa moore and mom parts of the story have been assembled 
and integrated inta an ordered sequence, baa it boen possible to learn 
how complex and varied is the history of Lake Uinta. Thee history 
includes а wealth of information, not only about the plant агч! animal 
acclotion that dwelt in tha lake itself and on tha adjacent land, but 
also about the waya in whieh they changed to man a gridaally chang- 
ing environment, It tells how dor thousasds of years the lake kept a 
sórt of ¢alandas, by depositing each year а thin layer of peculiar 
sediment that was sharply marked off from the layers formad the 
year мізге and the year after, Though these annual layers do not 
continue through iba whole record it kes bets possible from them to 
estimate that Lake Uinta was in existence for millions of уғаға. Tha 
history is more than a recital of elapsed. years, however, for it talla 
beth of major catastrophes and of auch trivial incident ая the їл га» 
tion along the water's edge of а swarm of small, swolles-headed larvas 
which, bed fate been less harsh, would ona day hava apit their akira 
and emerged as adult gnats. From this onsergence, however, thay 
were prevented hy a drop in the lake level, which left them to perish 
and dry in the өші until tha water ross again and deposited en their 
remains à shroud which it fashioned oot of minute interlocking 
mineral particles. 
I 


In the beginning the site of Lake Uinta was a broad, nearly level 
alluvial plain—a sort of huge amphitheater, bordered on thro sides 
by кайшаНцаа bat орап to the аз, Streams from the mountain 
wound listlessly meross the plain and restad im the ұғыну marshes. 
But thas landscape was destined to change, for, beneath the рініп, 
the stony shell of the earth was beginning with subtle slowness ta 
warp downward. Thereafter tha streams spread broadly over tha 
meadows, changing them to lakes, At first there wam twa large lakes, 
but os the downwarping continued these soon expanded and coalesced 
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inte s sigle жней of water na losg ав Lake Ontario but mock wider, 
Thus Lake Uinta came into being. 

Up from the orth hore rose the great swelling bulk of the Uinta 
Range, ita flanks green with forest, ‘This forest may ог may not 
hare its coanterpart living anywhere in the world of today; Diver- 
thal, it must have been much like the forest that would develop on 
the southern slope of a high mountain on the present Gulf const of 
the Tailed States, could we bet conjure up n mountain in that region. 
Just as such в Таны would have different kinds of plants growing at 
каганат higher levels, so it is probable that the forget which clad 
the Uinta Range in thet ancient epoch was also zoned according 10 
the altitude Fossil leaves, flowers, sreda, nnd even pollen үгиша 
сана from the bottom deposits of tho ancient Lake Vista enable 
us to reconatruct the probable бота) жапаа of а landscape that existed 

AL the water's edge grew bur reeds, rushes, water milfoils, and the 
familiar purple-piked pickerel weed. But upon the abore and the 
wide late adjacent to it grew tree whose nearest relativea—]apeonics, 
figs, and a variety of aromatic shrubs and trees--aonr Live in the marme 
temperate parta of the earth, Vines, very Шаг іс if not identical 
with sur modern grepe, grew along with gourds, delicate climbing 
forma, and ibe lees inviting cat batang. Where the bottom landa were 
sandy, palm leaves cast their slatted shadows on the grousd, 

Н we could hare gone back through the swampy bottoms we would 
have found, among others, mieten trees and irea related to the 
eitinamon growing with а large variety of ferns and evergreen shrubs, 
Poshing farther into the drier foothills, we would have passed throogh 
woods of сай, maple, hickory, and gum—weeds nearly indistinguiah- 
able from the preasvt hardwood foresta of temperate North America. 
Higher up, pine авд hemlock supplanted these familiar hardwood 
әркім, and іп the highest parts of the range forests of яргаса and fir 

i That tha evergreen forests were remote from the 
anebant Jako ін attested by the faot that only one seed and the tip of 
ome twig of these species have over bean discovered in the lake deposits, 

bh leaves of lower-eone types are found there by the hundreds. 
Nerurtheless, foresta of pine amd spruce Gourished; their former 
preaeaoe is manifested by am abundance in the lake deposita of their 
odd pelen grains, each of which is Gtted with two bulging air aneka 
that aided it to Док! many miles from the püresd tree. 

‘The insects, too, resenbled rather closely those now hiring, Caid- 
dice-flica, whose larves baild about their bodies little masonry housse 
ef msd graina or well-joined "log" houses of tiny twigs, freqeented 
ihe shallow water at the lake's margin, together with the more famil- 
iar dragon бие. The webbly-legged crane fly was there with bis 
diminutive eousina, the midges. Балара, crickets, and the homely 
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grasshópper төте common, but H there жаға butterflies and moli 
they have lal no trace, Animals coming to the lake shore must 
have found it a disagreeable experience, for there they met clouds of 
meequitors, black flies and gonis, amd larger fies аќ bat paragely. 
Epiders mod the lowly eoclooach have been found, sod even one mite, 
which, incidentally, hes the distinction of being the most ancient mite 
la Мень Авинсь--Апинйса oldest louse, Ш you will 

Отоо ва shared with various river turtles the Шарриһ parta of the 
streums pear ibe lake. Land tortoises, rivaling in size the famous ones 
from the Galapagos Islands, plodded through the sandy lowlands. 
Snakes, bon, there wore: indeed, the most nearly perfect fossil anaka 
aver found im tha Weatern Hemisphere came from thasa laka bada 
Water binds, like the loons, sandpipers, and rails, must have been mi- 
marpas, бе Iipremicna of feathers ага әділін on the alaba of rock 
that were once паші Hata bordering the lake. Of the birds théreselvea 
we know next to nothing—fossil birds нге rarae aves ооо. Oddly 
emough, however, the one remarkably fine fsal bird that laa boss 
fownd im thee lake bada was а sative of the uplands similar lê our 
Fulfil grouse, 

Despite the modem napect of the forest that encircled ancient Lake 
Uinta, the warm-blooded mammals that lived in it were decidedir 
нітапра. FPorticulerly striking was the anssator of tha modern bares, 
for it stood mo higher аб the withers tham ап Airedale pap. Its back 
arched sozzewhat, and instead of ome bezî to the foot it had dour slender 
bos on each front foot and thre: og each hind Joot ‘Thess ісе, 
however, bore loss of tha animal's weight than did a pad at tha basn 
of Шо боса, The teeth of this primitive borse, unlike dhose of ite 
modem descendent, wara adepied to feoding upon leaves and soft, 
lush plants, for the West a! that time was green with forest and 
meadow. Only through Шин following millions of years did it become 

А. бабта peeing down through tha elmar watar ta бап what man- 
ner of fish there were among the pond weeds would not have beta dis 
appointed. Perch and other fresh-water fish inkabited the weedy 
bays, but they were greatly outnumbered by variation of herring, Tê 
dar, most herring live in the sea, though a few go up rivers to spawn 
and в few others live in rivers. Thirty millon years ago mero varie- 
tim apparantly went indy fresh water to spawn, for those fourd ва 
fossils але of two віш гу that had mot long left the spawning ground 
&nd adults that bed provumeably returned from the sen to spamm: 
Least іс be expected ро far from thelr usus] marine environment were 
the large sting raya. Tha eeeurrwnea of вэ many forma that spent 
part of thelr lives in marine water implies that Tor a long time a рег 
баша river run from Lake Uinta to the sen, even though the lake wra 
probably 800 ar 800 тайға inland. So great a distanes from the вва 
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would not have ргеє 264 intermigration, for salmon ага known ta 
travel more tham 2,000 miles up the Yukon tà apawn. 


П 


By the time Lake Uinta had become thus well stocked with fish it 
wns ñ іше lake, for it had already been in existence more than a 
million years. Now as lakas gew old they, like теп, acquire &bsrea 
ef worldly goods. Бәй was with Lake Uinta; as it advanced in age 
ita waters became incressingly rich in foodstulls, And, like n beneto- 
lent monarch, the lake gave all this increasing wealth for the good of 
iba sübjects—the чин! нь sortensive nquatie population. 

Tbe Ше of а populous lake бз a complex society, the members of 
whieh sreintendependent. Most elemental аға the mlercacople plasta 
end animal that float freely in the eurfaze waters and derive their 
ваја. Upea the abundance of these minute creatures depends the 
very existence of other hfe in tha esesmunity, for they are Ша ultimate 
шуагав of food. Suecmmively larger animale—the fairy shrimp, tha 
water fea, nnd ihe highly mechanized wheel nnisnaleules—feed pon 
thes and Иш ture are fed upon by small fish. 

At thia mature siaga of Lake Uinta those tiny speeks of Life foond 
Abessselves Їл a congezda] environment, where food abounded and the 
temperaturo was mort agreeable. They flourished im the midst af 
plenty amd, late in thé summer, when the water had bees thoroughly 
"ward, literally took possession of the lake. Their mambera Їл» 
creased at an astounding rato; they clouded the water, then turned it 
а Гося green, and Geally covered ¿L with a green scum, which tbe 
wind parted into banes where the water might ripple again and reflect 
Ше blue of the sky. From beneath this житікге stratum, fled with 
life, those organisma that had grown weary of the siraggle for exisi- 
ейге floated gently downward and seught rest im the quist daha. Ea 
wort was the number of these weary motes that, despite their miero- 
scopic size, they bulked large im ike total volume of sediment that 
ғовеһей the lake battem. Indeed, ыма late rammar epidemics gave 
тїшї each year to a distinot dark layer of orgenie substnmea. It waa 
partly by савада of these organic layers that the ancient lake recorded 
the passing of the rear, Tut there would hawa been nothing bo mark 
ane layer of from another formed the following ўваг or the year bi- 
fore, if it had not been for a different. kind af sediment, which sccumu- 
lated possa üE lesa enndisnously throughout the Fear, 

бағыта brvapht do the lake not only Gina mineral particles їл 
suspension but ales the elementa of other minerals іп solution. Those 
рагыс that rode in on the siresma' turbulence found nothing 
buoyant in the quiet lake and hence settled рім у to the bottom. 
Биё tha elements in solution were dispersed through the whela water 
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body and, under the inflmemes of the sun's warmth and the breathing 
of minute plants, combined with other elements to form tiny white 
flecks of müneral—particles of lima carbonate, “Than settled to tha 
bottom ая a gentla raim the year around, but most plentifully in the 
early summer, &nd formed a light-colored granular deposit that sepa- 
raed dhe dark organic layers from one ameiher. Thus, because the 
dark úrgúnss layers wore formed of u sarisin tima each тайт and 
because the organie matter was then abundant enough to mask out 
tha Ligh t-enlored particles, gach dark layer told off the passage of a 


year, 
The гизеп lake continued 16 serve аа &n annual calendar im this 
manner for thousands nnd thousands of rears, interrupted only ai 
long intervals bz à fall of voleanié ash or by û storm of ext. 

Tiger that stirred even iba deep botiome The layered deposit was 
ultimately changed into rock, but the this velvety dark banda mil 
aland өші sharply fram the light-bolF matrix, Thess layers are тегу 
thize--about 150 of them to the inch. This means thet it required 
about 1,8040 years for елар шийегіні to mccumulate on tha bottom 
of the ancient lake фо make a slab of rock 1 foot thick. Аз might be 
expected, the cürieiies of rock consisting of tha commer mineral 
particles were built up somewhat more rapidly ihan this, and the 


range from 200 to 8,200 увага tn the foot. Пт applying the rate at 
which each kind of sediment accumulated to the quantity of that 
hind of sediment threngkeut tha body of maternal deponted іп Lake 
Uinta it has bean possible to estimate thet the lake wis іп amities 
approximately 7,500,000 years, In this Код period evolution bad 
dame to remeld some of the more impressenable race of авав 
living іп the neighborhood. For шийппев, aneestera of tha hores 
family that lived àt about the time Lake Uinta vanished were larger 
und hed notably better grinding teeth thas their forebears that lived 
just before the lake cama into existence; moreover, in that interval 
evolution also altered somewhat the design of their инж. 

In the record which the ancient lake kept year by year, wo find the 
sugpestiom that the lake's volume and temperatura varied m aym- 
pathy with the changing face of the eon—ihat ia, with the number of 
sunspots. § Admittedly this correlation i$ no more than а suggestion, 
yet there ы а fairly sound theoretical basis for believing it to be roa]. 
Fonepoing all fort to explain the alepa, we may peasant tha arpi- 
ment in ite briefest form somewhat ne follows: Sumspots arm шин 
nmerous вё interrals of about every 11 years, and these cycles 
signify changes іп the amount of radiünt anergy that the sun emita. 
It has bean observed that the levels of lakes which losa most of their 
тийет by evaporation and relatively Шып by overflow show в much 
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closer relation to the number of sunapots than to raizfall; in genoral, 
dhe fewer the susapobs the lower the lake beral. Lake Uinta a£ thia 
stage had no outlet and lost mach of its water by evaporation— 
therefare it mast hare had such в cyclic fluctuation of level. Next, 
and the higher temperature favors the growth of the minute surface- 
dwelling organisms and als» the precipitation ef particles of Шин 
carbonate. This gives & further check on the ancient conditions, for 
іп tha бараана ef Lako [inta the lovers of úrganin Байнїалэса. and 
lime carbonate differ in thickness from year to year and show maxima 
ai intervals dhet average about 11 Wara. Eimilar eyelie variations 
have been observed in the thickness of snzual layers formed iz modern 
lakes, ТЕ aluo в wozgestive fact thai the апам rings of toes that 
grew around Lake Uinta show even better the mama 11-уваг cycle, 
just like the growth rings іп modern. trees. 

Much longer стер, whose average length waa about 21,000 year, 
are mies recorded im the dépoeuta of Lake Uinta Ву a somewhat 
more involved line of reasoning we are led to think that thasa nbaarrad 
Variations in the lake deposits may be comulated with ihe resultant 
of two astronomie eypcles—the change in ecoemineiy of the exrth'a 
arhit and tha preeessióon of the equimüxéa. It remams tó Ба seem 
whether these and other comparabla cyclic variations im the climate 
af the past сав aver be used by meteorologists іп their researches 
inte secular changes of climate. 


ш 


Lake Tista and the surrounding countryside did not always present 
& pleture of smiling beauty, with foresta and green meadows, Instead 
during tha later БАН of ita existance death and starvation laid Наалт 
hands пров the commanity, From time to tine pallid biraketa of 
тегаш зар 4 асан! upon it acd muled oot the Ше, Animals 
and planta alike were smothers, and the streams ware clogged with 
thé Балау mud. Gradually, as rains washed off the slopes, the forest 
renewed its growth and animals again sought its shelter, But it 
wš із no purpose, for ад л asd yet again ab long intervals the 
Da M UMEN mountain haies balehed forth devas- 
grey гээн ен manere 

Aa if these recurrent disasters were поё enough, the rains came lesa 
frequently: the very life-giving source of шоёншга begun gradually 
but early te dry up. Under the pitiless mamroer gan the mors bush 
plants withered and finally gave up, weary of waiting for the rain. 
Animal wandered away in march of wader, 
The lake, too, аг оны For а long time it overfowed only during 
the cooler rainy келесе, bet ва the years passed the thirsty air drew 
more and more greedily from Ия surface until finally oven at tia 


NE ل‎ o ا‎ == 11 


ANCIENT AMERICAN ІлкЕ--ВЕАТИЖҰ 287 


highest stago the water could not reach the outlet. Thercalter Lake 

Uinta fluctuated greatly in sima with the changing sasona and with 
every change im the weather, for ú lake that hus во outlet and lias 
by eraporation ав much as 14 receives ів extremely responsive to slight 
жігіне im atmospheric conditions. Aa the wiler lewel varied, it 
— € к ин s инж Upon ibase 
wot mud fats scores of fh were айн! and Hopped ustil they 
eliffened in the sun. Insects, dazzled by the reflected glare from the 
wet mud, alighied only to have their wings end feet ган in the 
drying aurface Élm. Whee the water level rose ngrin, perhaps only 
by reason ef an onahore wind that pushed a thin sheet of wader far 
up over the nearly level bottom, both fas and insectes were sealed 
bensath а new layer of mud and so were preserved and made part 
of the enduring т 

Да Ue lake retreated from На Банхар shores it ааваа inte 
smaller compass the comamanity of living things that had formerly 
copied а more spaciwos domain. The water waa proportionately 
amnehed in dissolved foodetaffa, and tha density af the population 
increased manyiold, But conditions gradually became s congested 
that many forma wore enable to survive, Their place, however, 
was immediately taken by а heat of other organisms better fitted to 
endure the foul environment. Indeed, after thoamanda of years of 
slow dwindling Lake Ulinta finally became, at ita lowest ebb, а iraly 
heed thing—a grist faabaring &bacess breathimg Ha bench into the 
shimmering summer heat, The water became bitter with salt, and 
the decaying onpamic шингэн! in the shallowest places mecthed with 
fly maggots m they fed upon И. How abundant those maggots were 
is plainly told by the fact that layer after layer of them waa buried, 
and today their overlapping fattened bodies make contisuocs papir- 
mud. 

This lowest stage in the Livery of Lake Uinta indicates that the 
climate bad changed from fairly шанд to arid. The lake repeatedly 
deposited salt. erystals along ita shores and in the wet mod, hub татар 
wore ita waters во concentrated that continuous beda of salt were laid 
down. Ая shown by the unma] layers the ва! crystals formed от, 
nt intarvala of авсан! 50 years, which [ndicates that the water level 
ores then гово and fell through à considerable rnrge ва the rates of 
supply asd evaporation тәгі 

While Lake Uintia bad no outlet and its level waa prevailinghy low 
the organisms lived in ao great profusion that their remains бегана 
lated on the botton almost іс the exchzaüon of anything elm. Вий 
that thie material andured long агып to be covered іші s preserved 
means thoi jt won & rece with а bost of bacteria and other acavenging 
місе caper to destroy it. In that mon however, if эл гө! partial 
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decay; the individual organisms lost their identity and melted sway 
inte а jellylike caza, which finally became so changed with the toxie 
products of decay that it became intolerable even to bacteria. Whim 
decay finally ceased, the onze beenme ва excellent preservative, 
protecting from decay the delicate plants and snimala thai it acci- 
dentally entombed. As the organic (өзге or gel waa covered by auc 
баат layara and бишу by thousands of fest of sediment it was 
compressed and gradually hardened into a dense substance resembling 
bard rubber. Geclegista have examined this material under tha 
micreacope by grinding amall pieces во thin ns to be readily translucent, 
Thasa thim plates of rock, suitably mounted on glass slides, show not 
only Önay preserved microonganiees but in addition an odd assort- 
ment of wreckage, including the eres of thay лаа, spatulate scales 
from mosquitoes” wings, and am abundance of pollen grains. When 
this hardened organic sulatence ia beated it yields a distillate of cruda 
el from which may be obtained фазое, fuel oil, and related producta, 
Hanga thia substance derived from the former residents of the ancient 
lake is known as “oll shale". So plentiful were the microorganisms 
nnd во long did Lake Uinta persist that its deposits now contain locked 
up the equivalent of more than 70 billion barrels of crude oil waiting 
to supply the Nation's needs when the supply of petroleum from wells 
brevet inadequate. | 

Laka Uinta waa blessed іп ita declining years by а return to сіне 
ditions more nearly like those that attended its youth and middle 
Ше, F гайх beartened the forest to make another stand, 
and the gradually expanding laka finally purged itself by overilow. 
Plants of the kinds that fared badly during the protracted drought 
gradually spread down from the billa and remed their former habis 
tata Tot аа the atreama swelled and expanded the laka in this final 
мара, thay brought with them nn unwonted burden of waste from the 
land—weate that had accumulated during the dry epoch. Tha jt 
came about thet Ша lake was commanly turbid and exuld nat provida, 
us баттай, the optimum: environment for am immensa population. 

Moreorer, the prime motivating force thay brought Lake Uinta 
inte existence and that made possible Ия lang Ше was beginning to 
grow fesblo. This foreo hèd been one of great magnitude, for 14 was 
this that had warped the crust of the earth gradually downward 
into the great bazim-abaped depression which the lake ocoupied. 
Amd now thet this foren was weakening the sirenama were able to 
bring iad and alt inte the lake a little more rapidly than the down- 
warping сөздігі make room for it. Hence the water became more and 
more shallow, and stream-Jaid deposits pushed ever farther and farther 
өші imto the basin until there remained only m таа! alluvial plais 
dotted with swamps und small posts. The streams that had so long 
paid Ebata to Lake Uinta finally overwhelened it and brought Чаш 
тїй нэ ав егі. 


ANCIENT AMEEDCAN БАЕТ-Л АРЫГ 


Ead. 
: Repl, vol. 3, рр. 1-100, and рі. 


Prof, Paper 158, рр. 87-110, 1920; Т. В, 
1-84, 1981. 
I 


Burrey 
' 188, рр. 
183-6, 
Пи 


Prof. Paper 154, рр. 275-231, 1828, U. 8, 


pgs 83-05, 
Ter 


SELECTED BIBLIOGRAPHY 


arvey Bull, 720, рр. 1-204, 1928. 
Chh Hull., vol, 80. рр. 479-524, 1033. 





es 





LEAVES PUTAS, AMD A БИШ Басын CS WHICH Deion TO А ЕНЕРЕЯДЭГТ 
Pte? Taf Lrvp AAR LAHE TTA MART MILLS “ган Жоу 


àH siih нд” E Р 
ту Ин нэл сарранцпн HE ж] Ei EG ңе зээр рет Үнэн, қ нін x ipso uj қып ee расар. dM жы тойына Gramm се OQ EA а eld 
ны! А Г 
ктт рай ago гс) TE с FETT | жен жәй тегі нт тий nervi En аны OLE ы нү DS: л i isq DRIN max] гар г нон Барына. 
Un тәтті тен құйғы тэгс нг. БҰҢ кот ІНГІ F ЕЧЕнЦ deri үн ркан manki алат тан урт EE qe ГЫ ET ар Gm mE ET Ee 
qi алан Намд ій || камын quar] sem үрг Бпт та) - uomo TRE Fm | HY casis гн pileum Та 9 рышын чәр. WE pue] Кен ex тел ЕТЕД нәр ipd. aye 
жене тї рыннан] me] NN үчүн АСИ YA анд ғаға аны "сақ Барады =й arl фатена НЫ "Manag ama BT jo гүн ara анар. сы? 


N ГЕШ ЧЇ сынаған ызыңы F паны are HFH УЛАА 


Ве 







Е Віны И "Lehr тєтаниүрэыг 


Ë тзг 


ы EUH 


AA) ¿TRE CD [арс iyw 


.. 


"Une TIEWTTTad, 
IHL E i 


4, Жыр тт 


PIIN рағы аның dew рыр 


ВЫ гү HOM] НУ ж LTH ытын 
Sil y- 


LALLY] 


и НЬ» i как pe] кї ЕЕЕ 


L таса лана SI DH 81 
KH Ч ame) UPETHE] 776441 €. à 





т ҮН ЕГЧ нұқ ОМ ш ї 
ги агын Ling кти LL аманд 


LET HF Cea Fay 


enim Page, ЇЧИГ гал PLATE 4 ма 





Ч. Ам Аланин Fide THA тшге жалы м ғын Мете Mari ON THE ARCIEHT 


Tha рнсаргарн Is НАСАН Зар тыз rore ibam п lavi lang. 





E. Gear or лж Lucus Per oF Lang ача, Pig š; Besi 4 lucus Lae Tia 
Wigs mni ГЕ ннн Lai raa aii 


TT 


| 


E t T 


OUR WATER SUPPLE" 


Ey Geran E Мтсала 
Лань Палм САА] Surni 


GENERAD СОЗЯГОКВАТТОН 


Wader im raion із тір ео —ln the phrazal and bi 
logical evalution that has taken place on the face of the ват, water 
has had в unique function as the principal vehicle for the tzunsfer of 
matter ви energy. Itnppears that all evolution, whether physical ar 
biological, requires, on the ome hard, sufficient. rigidity гр a ae 
degree of stability and permanence, ішкі оп the other bazd, sufficient 
fuidity or plasticity bó permit mare or lesa gradual ehange ін response 
to applied energy. In the physical evolution of the carth thara have 
been two majar complementary processes. One bas beca the repeated 
тайж of parta of the sid extarior al the earth to congidornhle albira- 
tions shove sen level throogh deformation and the intrusion ar 
ахаа of Guid or plastic rock material; the other has been the 
relacion and medi&ealion of the raised parts, chiefly, though mot 
exclusively, Uhrough the ngeney of tha water seting in ita rele ва tha 
iramsporter of matter amd exergy. "Thus the development of the geo- 

айлагЛыга of tha dialer pari of the ah and the стела Шап and 
re-creation af the land areas іп all thelr charecteriatio detail, have been 
accomplished chisity because the earth is mrrficinlly rigid bet funda. 
mentally plastic, and beonuse there is в supply of water which has 
served ая the principal agent im mechanical weather, ал tha eumig 
c pose ни сы шишин БЫ из ийт ar reg rio 
and as the transporter of the wenthered materials іп waspenalon or 
solution with aubaequent deposition of these materials and forming 
ef the sedimentary deposita. 

Sse a ЗЕЙ ап aS 
Permanence, the gealegit Шинса. bal they аға арымпағға! features 
БУГА ueniens P Кш кн аан эн 
under the eroalve work of the water, To the geologist the work of the 
waler 18 alesta everywhere in evidence—in the sculpture of iha land, 
in the chareoter of iba вой and subsoil, in the vest succession of sedi- 
гы B! iba гей рача ања of Шш. "Fusiigion й ыйан of adana Seil mered ытты WL НЫТ. 
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mentary formations with thelr numerous uneonfarmilie witnessing 
to repeated cycles of pl and erosion, in tha texture of the rocks, 
ond even in the mineral deposits within the rodis, 

Wale is relation do ра Thi werk of walor is to lege evident in the 
evolution of the plant and animal kingdoms, The Cumbrian sirata 
Форлайц the record of abundant marine life, In tho half billion years 
that have elapasd eines the Cambrian period, both plant and animal 
kingdoms have undergone vast evolution, with extensive ars] Теса 
adaptation for life on the lamd and even іш the most arid regions, 
However, in ihis lang proces of тыйса! adaptation te different 
envirommenta, no ярөгіне of plant of animal has escaped from the funda- 
Tail requirement of а water карріу іп order to carry on Ив life 
processes, Deprived of water, all planta and anisnala would perish, 
Deprived of water, the human race, with all its thought and emotion 
nnd spiritual aspiration, would came te prompé oblivion. 

When considerstion Sa given io the narrow range of temperature 
and other conditions that are required to provide a эха в supply 
of water to living creatures, it seems evident that relatively few 
Мғатепіу bodies are adapted іс sapperi life as it is known te us. 
Nevertheless, in the ineencaivahly large multitude of heavenly bodies 
there may be, in the aggregate, many that have the proper conditions 
for a water supply and that support living createres comparable with 
theaa that екіні an this earth, or thet existed in ike Cambrian period, 
ог What will exist in apes уе! to come, Moreover, it sneme reasonable 
to believe that there ja в spizitunl character to the universe which hes 
à reality and means of expression that are not limited hy the special 
Physical conditions found оп this earth. Bui, however incidental 
water may be in the ultimate plan of the universe, for life om our own 
earth its need $a fundamental and inescapable, 

As tbe plant and animal] kingdoms moved in large part fron the 
зөв to the land, redial adaptations to their changed water supply 
теғе. Thea it became zeceemarr for both the land planta and the 
land animals to adapt themselves to the use of fresh water instead ol 
walt water, afd this adaptation has beconse so thorough that now salt 
Water mess death to nearly all bed Шә, Thus нік» was developed 
the constent-temperiur: adaptation of the warm-blooded animals, 
operated by means of water acting һа the medium for transporti 
energy in the form of heat, and this has led to parental care and pro- 
longed adolescence, and ultimately to the fruilion of intellectual and 
social evolution in the human race. 

Water іл relation fo kuman агаа, — With advancing civilization 
the human race bas found water ta bá à most esmviniant eubstance 
for & large and ever enlarging lisi of uses. Indeed, ite several ргораг- 
thes, each as ite solvent properties, its high specific leat, its occurrence 
in the solid, liquid, and gastous states wilhin convenient. tenperatura 
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intervals and with high latent heat in passisg from one state to sn- 
other, lend themselves so remarkably to the needa of civilized шал 
in his multitudinous domestic and industriel operations, recreational 
activities, and therapeutic applications that it seems os if these prop- 
artisa had been providentially designed for the bemefit of man. It ia 
ав iterating exercise to make a list of the uses to which water ін 
put by шар, misy of which are analogous to the physiological use 
of water by living ongeniams, аа for example, the conterance amd 
atorage of material and energy, often with resultant chemical changes, 
the regulation of temperature, amd the elimination of waste. It will 
te позе that ір most of Шинээ шан, walor servos ва the vehicle for 
conveyimg aithar matter or energy. IL is not surprising that water 
has scquired а unique religious significance ав the syuabol, in the rite 
of baptiszn, of spiritual cleansing and regeneration by the washing 
алат of all ain. 

The avorape per capita consumptiom of water im the citins and 
tomes of dhe United States amounia to masa than 100 gallons а day. 
Some of this water ін wasted but moat of it la used for henaficial par- 
poses, Іп the future the volume so ын will be incneased amd new 
uses will be developed. Thos, tbe rapid advance im sir conditioning 
of beildings № producing am almeat alarming inereas: im tho demand 
upon our public water supplies 14 may Шигс ага be expected that, 
өтеп with redection in waste, the cossusnptren of water will Increase 
wiih adrancing civilization. One of the truly great achievement of 
вт нм man ін that of providing, for human use, abundent, can» 
Tenieni, aod reliable supplies ef water of good quality. Indeed, ihe 
improvement of the quality of the walar supplies haa bean a major 
faetor in ineressing the average length of human life. However, сай» 
sidering the lesa advanced countries of the world amd the rural sec- 
Шова of oar own country, it ін evident that the taak ba atill far from 

The айтыс wafer eupply.—The great residual reservoir of water 
is the ocean, which contains all except а small percentage of tke 
external water of the earth, the rest being on the surface of the land, 
ar in the interstices of the seil and rocks, oz in ibe мМшнирбете, Iiis 
miosmary to distinguish between the external amd the intemal water, 
for there ін wvidanea that water ік one of the constituents of the 
magma that forma the interior of the earth, and the total quantity 
of this internal тпартпаве water вану be very great. The supply of 
externa] water is apparently being augmented by the extrusion of in- 
ternal watar and pomibly by scquisition from outer space. There 
are als processes іп operation which release water from chemical 
тіпа, but tham аға cermpensated mora or lasa by 
which tie ар some of the existing external water. Any stampi to 
evalzate these several processes would be quite academic. ЇЕ appears 
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that amy changes which may hare occurred іа the total quantity of 
external water һата not had effecta of mabor importance within the 
period of definite guologic record. It also appears ihat no changes 
аге im prospect thas will affect appreciably the future. affairs of man. 
Although the total quantity of axtarnal water hes apparently mot 
changed significantly, fluctuations іп sea level, probably dua to other 
musa, have been of primary importance throoghout geologic history, 
including relatively recent time. Indeed, many of the large cities of 
the earth uro at present situated below tha levels of strands that Бате 
been washed hy the sen mince the human race began to live on the 
earth. 


The Apdrolegie eyela.— Tho water that is of principal concern to man 
ін the land water—the water in the lakes and ponds and іп the brooks 
and rivers, the watar that forma the soil moisture, the water im iha 
rocks that supplies the springa and streama and wells. Апу natural 
of artifelal change that increases the supply of land water where i$ 
in nidal, eliminates it where it is destructive, improves its quality, 
or increases Ил availability i a detinet bumasa gain; any change in 
the opposite direction is human iznporeriskiment, 

The land water is not a statinnary supply but forms a рагі of ал 
ата-а circulation of great complaxity and variation, which is 
knows as the hydrologie cycle. The prime mover іп this еусіз is the 
sun, which, in the last analysis, fornishes the energy thal ётарагайаа 
water from the mea and ёзатеуа 16 ай vapor to higher elevations ба 
the land, where i£ ia precipitated, chiefiy as snow ar rain, with poten: 
к indir ger ve sic ы Кы ты to parry it back 
ta the sea. ‘The solar energy ба also applied in causing evaporation 
from the lakes, ponds, swamps, and streams, [rom tha land surface, 
from objecta on the surface, from the soil, and, by transpiration, from 
the Leaves of growing planta, including the native and cultivated tree, 
aruba, алий berta, Indeed, the records of precipitation and man-olf 
show that only about a third of the water that falls as rain or mow 
in the United States reaches the sea ая ran-efl—about one-half in 
the eaters part of the country, only а amali percentage on the Great 
Plains, and mone in the Great asin. 

In its return course, the water flows over the land surface and 

tha stream channels and percolates through the interstices of 
the вой and the water-bearimg formations. In На course it performa 
work 0 Kreasi тазтайт, summ of which m Їнен | агы] жосп Ба|агиуаа 
Lo шил, amd] much of which has been modified for better or worse by 
ihe intelligent nr unintelligent activities of гіт ішеді man- 

Thus the hydrologic етсіз байн of two phases—ecne phase includ- 
ing svaporatson, atemeanharie movement of tha wader татар, and wti- 
шабу На condensation and precipitation upon the land; the othor 
phase including the movement and temporary storage of the precipi- 
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tated watar upon or under tha land surfaee while on ita way to the 
вов or to pointe of re-evaporation on the land, Hoth phases are very 
FIRST PHASE OF THE НҮРБО10010 CYCLE 


Natural gustuotions іп humidity and aridity —Let us consider the 
firet of these two phases of the hydrologic cycle, The terms ағыу 
and Aumidity, aa the opposite of агу, are dificult te define іп pre- 
exe terma, Іп a widely accepted sense, bowerer, the term aridity 
relates to the decciemey of the precipitation im a given area for the 
normal growth of mesophyüs vegetation that із othermias adaptad 
te tha conditions of that ares, In this sensa tho aridity of ай шта F 
intensified by decrease in the amount of precipitation and also by 
increas im the evaporativity of the агва== һар Ea, in the potential 
rate of evaporation. Both precipitation and wraporativity vary redis 
сайу from pleco to place and from time to time, largely bezause of 
temperature Fafa lisa, which аға produced by в complex of different 
сан, 

The geologic record, cowering some hundreds of millions of years, 
сегіз to show thet long ages of relatively warm and equable climate, 
perhaps with a general tendency toward aridity, were at several times 
interrupted by shorter periods of more variable climate including 
коше cold, humid stages, The latest of these тала Бе periods began, 
perhaps в million years ago, with the fret of the Quaternary glacial 
Stages and is apparently stil] im progress, Tho geologic record shows 
па reso ми on ae ы сира ан би ұтты ИП 
сәтімді of several major glacial stages alternating with distinct 
interglacial stages, amd that the glacial stages, úz at least the lest one, 
солин of pwo or more substages involving considerable climatic 
flectuations, ТЬе greater husaidity of the glacial stages waa іп larga 
part caused by deerense in evaporation, From biological evidence ard 
у ылы ы pert of la ug DU 
an ішегін алж position, having part a wey 
the last glacial stage. From intensive study of geologio, archeological, 
and historical records 11 la, however, evident that recent time has sot 
consisted of n gradual changs from glacial te interglacial conditions, 
bet rather of complicated fhetuatona of climate, іп part regional 

rather than world-wide, between periods ibat were more humid and 
репой» that wer more arid than the presens. 

All about ma wa kuwa impressive ovidenco of climatic change, vech 
ая the preat aheeta of glacial drift aed iraina of cutwash gravel, the 
scores of desiccated or partly demccated lakes, including the extensive 
Lakea Honnéville and Lahontan, snd Ши great manila of lama or 
wind-hlown silt that covers much of the interior of this country and 


ia largely responsible for Иә great fertility. Looking more closely at 
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the evidence of fluctuations furnished by existing lakes, glaciers, treo 
rings, eie, авд the available rocorda of measured precipitation and 
stream flow, we stand impressed by the great and irregular climatic 
variaticus of the immediate past. 

Thus of the ead of tha disastrous drought pear of 1888, we in thia 
слу look into the fature somewbat bewildered aod almost afraid, 
the more во because we recognise that much of the productive part 
of aur countey la not very far from the marie of semiaridity. We 
гене frankly admit thet іп spite of nl] our investigation we do mot 
know im which direction we aro trending—townrd greater ашыу 
ог more severe dreuphts—in the ensuing year, decade, or century. 
Wa can, however, make some predictions, which are in part reassuring 
and in part otherwieo, It is virtually certain thet drought conditions 
urs mot permazent but will be followed by years of abundant rainfall 
and bountesus ағара; an tha athar hand, it 1s ши equally сого 
that the recen& @гоп Ма йге not abnormal but that in the pearsa of 
time piber droughts of equal and even greater severity may be 


ын. 

"Aft is bellaved that the climatic fluctuations of the past havo been 
the underlying cause of much turmoil in human history, But 18 14 
significant that the human rece has not only managed to live through 
tha times ef drought and the intervening cold and wat tinea, bat alen 
ibat it haa had its notable тан ол im this Quaternary pected of 
вілу Buctesting climate. The climate of ihe present, ая thé 
climate of the past, challanges man to greater effort aed achievement. 

Ты роге influence of отба changes upon precipitation.— 
When, during periods of wat yours, tha вай Шаға mowed inte the sami- 
and region of our өзеніту and found to their delight thet they could 
raise good cropa, they fomdly developed the faith that rainfall follows 
the plow. Мот, after a series of years of drought and crop failure this 
Емі has bean aeraly tried: and we are tormented with the fear that 
on account of the acis of man із plowing and draining, our country 
is rapidly becomisg a deseri. In the presino of sieh intense publie 
апанға it is diet t maintain а wholly jediciel attitude, It ia 
reazonkbla to expect that fluctuations in humidity such ая are known 
to have characterized the past, should also occur, through wholly 
mükural сапаға, іп the present and мізге. This logical inTerénee, biw- 
ever, догь not afford апу reason for assuming that the very extensive 
acd radical changes which have been made by the white men on the 
face of our esuntry hare produced ва affecta toward greater humidity 
ағ алийг... Neither may it be mumed that auch effects ean be af nú 
practical consequence Ш they аға obecured by natural fhoctustiona, 

ЇЇ the атегада annual eosbnbeslinn da the peweipitaliom upon a 
continent from water evaporated out of the sea remains the same, 
Шеш the drainage of swamps should reduce the average апаш! pre- 
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elpitatlon because some of ike swamp water that would normally 
be evaporated and reprecipitated ін drained awny into the sea. On the 
olber band, the diversion of water from streams that Sow into the 
sen and the ose of this water for irrigation шына tend ta increase tha 
precipitation. Moseower, any changes incident to cultivating amd 
dropping the land or to grazing the land should decrezse от increase 
the precipilaibon according ва they increase сс decreas: the run-off 
inte the sea. It is generally believed tha these artificially produced 
changes im rus-off cannot be quantitatively competent. to produce 
appreciable changes in precipitation. However, it ia pertinent te in- 
qiira whether they may have signi&eant affects іп болай СТВ areas, 
Ti would eer that the subject deserves serious investigation. 


SECORD PHASE OF THE RYDEOGLOGIC CYCLE 


Return flow ахь! sforage ел roule.—The other phase of the Һүйгой 
evele еселігін of the flow of the precipitated water toward tha яға or 
toward рішсев ef reovaporation [rem ihe lend, apd Ив atornge on 
routs, chiefly as ice nmd mow, ns surface water in the lakes, panda, 
and swamps, as moistere held by molecular wttreetion in the soil, and 
ал ground water in the subterranean тєввгтийга formed by the porous 
тоска. "Ta the extent that the aterage facties are inadequate, the 
precipitated wader ін тар йн discharged inta the aea through ihe 
пишга! drainage channels ва direct гапой. ‘This direct run-off is of 
little value to man алий it produces most of the destructive Benda anal 
тын ûl tha destraoetive erosion amd sedimentation. If there were no 
natural ботаға facilities thara would be virtunlly no springs, по 

RFA, and mo trees, grass, or crops, and п siream chan- 
pela would ba ни ай ta med Нови and violent floods. 

Near the close of ihe last century 1& became evident in this country 
thet accurate continuo. records of siream flow were син! Tor 
efficient utilization of the water resources and for effective Ё род can- 


bees done, with accuracy lecressing from year to year. Intensive 
зїйн єв hare nls been made io differentiate between the direct run- 
eff and the run-off derived from the several kinda of storage, and to 
determine the laws of each and their relation io precipitation. ЇР 
ef the coastal теріпеа large quantities of ground wnter mre also dis- 
ebangad inta tha ага, without appearing at tha surface, such discharge 
being eoatrulled by the geologie structure, the permeability of the 
ground water and the back pressure of the heavier вей water, 
Civilized man ая made n potable achievement br mip bete ting 
the naveral storage facilities with many artificial reservoirs, both 
greet and amall. Unfortunately, thia аг тарна is likely to prove 
leas substantial in the long ren tham ін popularly sappesed, chiniy 


208 — ANNUAL REPORT EMITHSDNTAN INSTITUTION, МОТ 


heewase of tha rapid aeeumulation of sediment broaght to the reser 
wears by the turbid waters of the direct rumal. Much careful study 
has already been piven and much more is needed Бо determina the 
rai ol sedimentation under differest conditions amd to devise fea- 
айв methods of prolonging the life of reservoirs by bypassing the 
moet turbid waters, by sluicing owt the sediments, or by other means. 
Much progres hea recently been made іп the appreciation of the 
greet value of thé natural storage facilities and the importance of сп» 
serving and utilizing them. The whole complex subject affords à langa 
field for future study and oonstroctive effort. 

Tee axd snow sforeage.—Ice ond mow have recently come into the 
scientific Hmalighi Шш different ways. Ome of these relates to the in- 
tenat of geologists іп the relation of tht Quaternary end older glacial 
stages Lo foctustions of ea lavol and to tha cyclic character of some 
of the stratified rocks of marine origin, “Thun it is now believed that 
in some ef the glacial stages enough water waa locked up ав glacial 
ioe to depress the яға level ая och на several hundred feat, and that, 
юп the other hand, many of the ancient ярь terraces, such aa occur 
on the Atlantic and Gulf и 
раса] stages when there wad evan lass isa than пі present. It hesb 
estimated that if all the ice that exisla at present іп the polar regiona 
were ши! 60 it would raisa the ses level ал lenat 100 feet and perhapa 
300 feet or mere, “Tha ndvnnee wni retreat of existing Exiropenn gla- 
eiers have long been recorded, but gyatemntic observations on North 
American glaciers hara only recently been undertaken. Interest in 
апат relates chiefly to the amom in the mentale, which supports the 
summer flow of many sirenma, and to recently developed methods of 
Bow, 


Storage ef water іп the ний --А soil may be regarded ая а water 
reservedr, ita water being іп the form of moisture adhering to the soil 

jeba. ‘This water is under complicated stresses produced by eom- 
teni sig iie ол ат 
«| gravity, the absorptive energy inia, шығау Ш- 
volved in tha relation between the seil mecdsture amd tha ntmoapherie 
тарағ, Tha slew meoversenta of the soi] moisture in response to these 
kirasa are of much importance in plant growth and in recharge of 
ject of muth steely, 

The value of а soil for producing crops depends largely on its 
сарьс тү to hold its water rapply ageinst the pull of gravity aad pet 
bn yield this retained water ta the roots of the planta. A clean dune 
sand retains во litte water that even in a humid region it may support 
only cactus and other drosght-recstant plants; on the other hand, а. 
elay aeil haa а lange water-retaining capacity but may hold meat of 
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ila water іп 4644 atorage insofar ім the roota of the plasta ama son- 
бәгпей. Between these втігепия are the productive әзіз of imier- 
mediate texture, each as the loans formed from the locss, which hold 
comsidersble water against the pull af gravity and yield it freely to 


tha plania. 

Dry-farming methods oonsist largely іп allkar the reservoir 
capacity of a өй by atorisg in it the тып and ance water of ome oT 
more years and making it available te n crop that is grown in n much 
shorter period. Unfortunately, soils do mot generally Бато tho 
capacity to riore the quantity of water that is needed Ly produce a crop 
without replenishment by газа or irrigation at more or less frequent 
intervals during the growing season. In the esatern and especially 
the southeastern part of this country it frequently Баррета that the 
eal] molature la fully replenished early in the winter and ibat for many 
weeks thereafter water from the rain and snow percolates through the 
soil without adding tò Ия water content. In the ensuing summer, 
however, the acil moisture may become depleted long balera the eropa 
have matured, and severe drought damage may result. Е 

Agriculture із, from the viewpoint of this discussion, ena of tha 
greatest of all achievements of nan in thé utilisation of cur water 
жарріт, but вэ агсан, НЕя a dread disease, goawa nš її гїний... The 
жалы киы ынын ladle lore lye 
in emp production, and specially tha mpper part, which generally 
haa tha greatest capacity for bolding water avaliable to planta, ‘Thus 
the гтабаяағоя undertaken to check moi erosion are maksuna of йер 
têma Loe. 

Storage of water in dhe rock formalions.— Tbe күйбө of roche that 
form the outer part of the solid earth are the products of all ibe 
diverse and variable geologic processes that have been operative 
threngh the ages. The description and interpretation of these rock 
systema, with their almost infinite complexity, is the task of the 
кесірім. The reek systems constitute natural syetema of wular- 
"works wiih many reservoirs of great vnriety, some of which lave very 
large capacity. The study of theres naturel waterworks and ther 
operation ів а базіс of the hydrologista. Tt iso task that haa required 
tha development of a distinotire technique in the application of the 
scienca of fluid mechanica and hydraube engineering to the geologio 
atructure of the rocks. 

The porous and permaahla тегі formations which ennstitute the 
underground гевегүүйга ате saturated below a certain level with water 
thas is under the control of gravity, Im other words, theu nder- 
ground reaurecirs are filled to the lawal of the water table In most 
places tha roota of the planta do not extead downward to the water 
table or to the capillary fringe, whieh oscars directly above the water 
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table, amd there bp therefore an intermediate belt between the root 
топо, or belt of soil moisture, and the sone of saturation. 
Бєрїайдлынн of the wndergrewnd reserpoirs.—The underground 


reservoirs are replesished, or recharged, with water from atmeepherie - 


sources, Nearly adl hydrologiata believe that the recharge is essentially 
all from rein and snow or from simama fed by rain amd snow, but 
there ane ail] a few hydrologieta who believe that eubaurfars con- 
Явган ин іа ж авна! sources. The ünsuni of recharge from a 
given amount amd kind of precipitation varies with the absorptive or 
intake capaciby of the soil ог other surficial material and inversely 
with the ғарасиу of the soil із hold the water for plant usa instead 
of allowing it to percolate downward to the water table. 

The intake capacity comatitutes а large subject with many ramifi- 
cations, Dt includes questions ña ta the sioria of the vegetable mold 
in the forested areas end of the natural sod, and, on the otber hand, 
the effects of grazing and of the cultivation of the soil, Tt includes 
alas the pròblema of агч 261 recharge by apréadiing stream water oF 
` hy other meana, and of tha ailting up of the natural recharge channels 
by ішікі Могае or «ег manipulation. The surface conditions of 
both forests and sod-corered prairies are favorable to intake by korp- 
ing the rain and snow water clean ший thus permitting it to percolate 
downward through the avnilable ducts and porea without clogging 
them, whereas иг вогай conditions tha cultivation of tha scil tenda 
io demam the intake capacity, expecially in barr and prolonged 
Эвэр “Эхлэн Антиль водии лы ы 

puso ME т eq лантан 
don, which tends to offset their large intake. The 
ыы 
water table and om the flow ol apringa and айна, йй compared to 
the effects of гірағай ar exaltivatad land, ara im part dos ta tha биен that 
in some places and ab sere times the balamee із actually on one side 
and in others оп the other mide, Мал тойн little investigation has ss 
ret been made of transpiration on the sod-covered prairies and of tha 
«Їесїа of breaking up amd cultivating the prairie lands. It appears 
probable that there is & basis in fect for the prevalent belief that tho 
&dvent af the while men in this country was atlended by a certain 
amount of lowering of ground water levels and of decrease іп the fiw 
of springs and аашаа. 

It appre that artificial recharge by water spreading, by impound- 
lm of surface water and regulation of stream flow, and perhapa by 
drainage into wells, has lange possibilities for increasing the perennial 
supply af grousd water in езгініп apecie areas of һекту сааяцлр ол, 
in which the natural conditions are farerchle. On the other hend, for 
the country ва ñ whole, recharge by such means will remain small in 
comparison io the total natural recharge and the total discharge af 
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ground water throaph этан flow and threngh avaperation amd 
transpiration. Greater aggregate increase in recharge is likely to 
текш} from general improvements іп agricultural practice and from 
structures designed бо retard acil ercaian. 

Great ая ате the variations im precipitation from place to place and 
[roni year іс year їй the seme place, the таг наа іп grougd-water 
recharge ara ШІ greater, IE da now known, for example, that pèr- 
ential supplies ameunting to many milhons of риЇ ан û duy ore 
available to wells through natural recharge of tho sand and gravel in 
the AN of the coastal valleys and the Great Valley of California, the 
glacial catwash mounds amd grarela of Long Isamd, the Rhina Valley 
and the plain of mortbern Germagy, the dene sands of Holland, the 
ereviced limestone із the Roswell artesian basin in New Mexico, the 
broken lave rocks of the Snake Hirer Plain іп Idibo ond tha 182анлїя 
of Oulu nnd Мин, nnd the waicr-hearing rocks of various other nmpas- 
On the other hand, thers аға arcas in which ground-water recharge 
is extremely seal, aithor becwum tha surface terrane ін impermeshle 
or because the water absorbed from scant precipitation is nearly all 
атарағаны! оғ utilized by planta before št reaches the bottom of the 
root sena, Larga атғав in the arid and semiarid parta ef this country 
hare oly тегу meager recharge becouse the precipitation is ght and 
уше largely іп the growing season. Yet many of these ёгсаа are 
шийг їл by water-hearing formations that enntzin Патра stores of 
accumulated water which ther will yield freely to walla вэ long ns the 
wupply lasts, In the coastal region of Cabfornia and in the Great 
Valley the аг normally Богова desiccated during the long Агт tem- 
fers. In winters of шаїниэгшй! precipitation the precipitated water 
із here largely required to restore the soil moisture, and there may be 
little groundwater recharge; in exeeptienally wet winters, however, 
the water-retaining capacity of the egil is satisfied long bedors the end 
of the rainy season and very large quantities of water percolate to the 
water table, either loonlly through the seal or through the channels of 
the inilinent streams. Іп the relatively humid eüsiern part of the 
United States there is normally comsidershle recharge not only in 
winter and spring but also in wot periods in summer, but in tha drought 
of 1930-31 sema localitias were devoid of recharge for nearly а year. 
In cold regions with only moderate precipitation nearly ай the rë 
change may occur in а very short dme in the spring when the snow 
malta and the frost Їайтаа the 60]. In such meginma there аға alû 
gridi differences in the annual crop of ground water. 

Beladion of the water table ір the plant kingdom,—It bas already been 
pointed eut that in meat places the төсін of tha planta do mot obtain 
their water supply frons the zone of saturation. Throughout the 
greater part of the extensive amd productive interior agricultural 
region Of cur eauniry, the tipli eropa depend on tha sil moisture 
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derived directly from ths pain and mow and Тай if that supply bee 
comes exhausted, regardless of the quantities of water that are atored 
below the water table. Om the other hand, however, water from the 
cone of saturation ін utilized, either habitually or in tines of drought, 
by nativa and cultivated planta in many low places, including large 
parte of the Atlantio and Gulf Coastal Plain, the glaciated region, and 
the stream valaya and straetural valleys in other parta of the country, 
Thus the relation of tha water table to forest and fruit trees, staple. 
агора auch ая wheat, corn, amd allalla, garden truck, and native 
grasses із a subject of great consequemen. 

Ti ja timated thet in tbe eastern part of the United States at lent 
one-third of the water discharged from the zone of saturation is dis- 

ged by unnspir&tbem от evaporation, the rest being discharged 
chiefly aa etream flow, Іп some of the summer months the discharge 
by transpiration and evaporation may greatly exceed the discharge by 
streams few. In going toward the less humid paris of the country 
the total алиа! supply of ground water Авсгаалга but the proportion 
discharged by planta increases, until in some of the arid sections 
тігізаПу all the water discharged from the some of saturation is 
through plants, and dhe phreabophyte vegetation, which tapa the 
gona of зайлгы на, slanda in striking contrast to the other deseri 
planta. 

Probably the greatest deficlaney in hydrologic knowledge, espaclally 
in this svontey, ін im the important practical subject of the relation 
of the naive and cultivated plants to the water table, Not enough 
attention has bees given із the water tabla by botanists, silvieultur- 
ішін, ст agronomiis, али] adequate information із nob available on 
wach important subjects ва the phrentephytio babita of tren and their 
relation бо forestetion їп the arid amd semiarid regions, the depth to 
which different cultivated plante will extend thair roots to reach the 
water table, the optimum depth to the water table, and the increase 
in crop production rewalting from use by the planta of water from tha 
жоп» of aataradion. Tha intensive drainage developments that Бата 
been made in this country have bees based too largely on the concept 
that tho water table ix a detrimental feature, and net enough sonaid- 
eration hea been giren to the тайпа of the water table to plants onder 
proper conditions. Оп ibe other hand, the inadequacy ef specific 
information on this subject із largely responsible for exaggerated 
statements that are made from time to time ga to the disastrous ramalia 
to agriculture from general lowering of the water table, 

Relation af underground антад (o stream How and ёр water тэррїЇза 
from wells. —The principal fumetion of а reservoir ha to store water 
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friction of the rock intarstices. — Undergroumd reservolrs of some mrt 
are almost universally present and are chiefly responsible for the 
өтімін few of streams. Tho ground-water moal carried by the 
streama із relatively constant aa compared with tha veer erratis un- 
controlled dine run-off, but it is nevertheless sensitive to various 
weather conditions and is generally greatly reduced by serere drought. 
Siren ma differ greatly in the quantity and Helanîn of their ground- 
water ТШ according to tha geology amd other matural conditions 
of the drainage basins, А subject thet has received Hilla investigation 
but ia of much асбап Не and practical interest is ibe relation o£. geology 
to stream Haw. 

The underground reservoirs function like artificial reservoirs with 
мабла Шәй outlets ат when they are tapped by wells that extend 
ennaidorahiy below tha water table. Shallow wells that merely skim 
elf ground water from the top of the zone of saturation are likely to 
fail when tha waler table i lowered hy drenght, buk the wella that 
extend deeper into the water-bearing formations and Бата access to 
their greet stores of water аго по! appreciably affected by dzought. 
Reports of failure of such wells are commonly dus бо mechazüral 
defects in the wells ог pumps, or to nttempta meds im times of drought. 
to increase the rate of pumping beyond the normal capacities of the 
wills Ну drawing water from well im proper amounts the storage 
facilities of the underground reservoirs are wiilized and ground-water 
recharge із izcreased. 

Yield of Шы artesian reaercoirs—A problem of groat practical sig- 
nificance relates to the perennis] yield of the andergnyand reservobra, 
To what extent is Шар water that ia annually being drown from pumped 
ог owleg wells derived from annual recharge and to what extent is it 
taken cub of eterage, with the prospect ol ultimate sericm depletion 

From which of the water-bearing formations can additional perennial 
wnier supplies be developed azd wher can theese dovelopmenta be 
кайа? Thess questions агь more intricate for the artesian forma- 
tions, which ara under confining covers, than for the water-bearinjg 
formations that have water-table conditions and hence have ther 
"ella in or near ikeir intake areas. “Thay ore ales more intricate for 
ihe extensive artesian sanda and sandstones, which алани their 
maiar Uhrough email intergzanular interstices нені exhibit considerable 
volume elasticity, than for the artesian limestones and lara rocks, 
which Нате much larger water conduits and йге more rigid. 

Among the lange artesian sandstones of the United States are the 
Cambrian sandatones of tha interior, the 58 Peler sandañana, the 
Dakota sandstone, and the series of thick ganda or загийн агнаж of tha 
Айн amd Gall Cossia] Flaim. Im thoes sandstones centuries Bsgy 
be required for water to percolate from the intake aress to the localities 
of the wells. The total quastities ef water that thay held in storage 
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are indeed very large, ond the quantities that they will Field from 
storage merely through the compression that resulta from the release 
of urtesian pressure of the confined water apparently may amount 
to millions of gallons а day for many years, It in believed that the 
phenomenon of tz pren with Чостейва Ш artesian I 


the compression buš із probably also more charscteristie of strata of 
relatively fine grein than of the most productive water-hearing beda. 

Tt appears thet the epectacelar discharge of artesian water from 
the Гала sandstone for iere than half a century bas been supplied 
to a great extent from storage, largely ая а result of the elastic ог cam- 
pressive properties of the system, It remaina to ba determined 
whether the more moderate withdrowals that are likely to be made їп 
the future will be replaced by recharge or will result in further pro- 
gresscve depletion. The 800-fo0t sand in the Ailantio City area has 
yielded water freely for several decades and is currently ун шд 
acveral millions of gallons a dey. It shows encournging recovery of 
head whenever the rate of pumping from walla ін diminished. How- 
ever, & liyer record obtained by the investigators im that aren 
somma to show that the regional cone of depression is stall expanding, 


ihe current pempage—to whet extent the pumped water ін replaced 
by recharge amd to what extent it ia derived from storage by the 
further development of the regional cones of depression. 

About 6500 publio waterworks in this country are supplied from 
well. Many of these obínim their water from surficial formations 
with ий water-tabla conditions and many others from recognized 
artesian formations, Hewover, there is nnother large group of walor- 
works thet am supplied from aquifers, largely in the glacial drift, 
thet nre not usually regarded ая artesian and yet underlie more or lesa 
affective confining beds and are recharged by somewhat devious 
pircolation of the ground water, More attention ought bs be given te 
the problema of deplation and safe yield of these aquifers of шїйгэ 
шинийг character. 
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Tho hydrologie cycle, being of major scientie and potkal interest, 
haa received dhe study of a large number of кісінін, mest of whom 
have not talled themselves kydrelogiata, In this eountry the Weather 
Buresa long ago established а comprehensive and systematic programi 
that has resulted in the accumulation of a great amount of base data 
en рт Манан and other weather conditions, ihe value of which 
ia beyond calimation. The Geological Surrey has developed п 
thorough technáque for gaging streama and на accumulated a remark. 
able body of systematic amd exact dada on stream Sow. Hy ays- 
amatis work through many увале if has ид medo subetantial 
achievements in (be chemical analysis of the natural waters, in à 
general survey of Ila gproand-water conditions, and in the deralopment 
and application of quantitative methods in ground-water лаа ай от. 

In addiiben to the work of these two scientific buresus of the 
Federal Cioreremant, there has been à vaL amount of work by a great 
mamie of governmenbal nnd private mpeneiss алы! individuals that 
ma parmi many жалалы ama ШИ вал to tha mathata 
and princi hydrology. ив, masy bydraulio engineers hare 
devoted much of their tinw not to engineering work at all but tc azim- 
tile research relating to the mabural waters; thus, also, many oiber 
seieniisia, auch ая meal aim ela, Жа тент болд 
amd forestera, hare made «айн! манера) 

Ша, however, been n lack of coordination, amd lere Ri e 
been made which have had unfarerabls ааш that ware not foreseen 
because the scientists and engineers санаатын! did mot hare аш ade 
quate appreciation of the unity and complexity of the hydrologic 


In төсип years Шого ая arisen à wholesome recognition of hydrol- 
ey ай п бшнш science, nnd a general effort has been mada tà 
correlate the different aspects of the subject This trend has found 
expression нд stimulus im ibe crgneiratinn, 6 уғата npa, af the ас Но 
ed hydrology of the Americam Geophysisal Union. More recently 
ав attempt has been made through the efforts of the Mismssippi 
Valley Comrnitiss, the National Hesourees Commities, ibe State 
planming boards, and oiler agencies із evaluate objectively the mini- 
foll worka of man that have affected the hydrologic cycle at sor 
peint and to attain à elearer perspective for the future, ‘This, priri 
has been made in an appreciation of tha sensitivity of our water supply 
to many complex controls, Looking іс the futere, we musi ali thas 
engineering worka or other developments shall be undertaken only 
after their hydrologio consequences have been fully studied, amd wa 
avast resolutel y set careelves the task of building a schenen of hydrology 
that will ha adequate for the responsibilities that are involved. 

I= ee i 
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Ti is with а deep sense of the modesty of my own endeavors that I 
appear before yos tonight to tell you something about my тоон 
fight across Antaretign, If is 23 увага sinsa T last was in Londes.. 
T wanted to become aa explorar, so camo over here to bay tha гавсааватү 
instruments, which at that age I thought would be the Done kiru 
qualiication, but ашый thet I must also take instruction, which I 
did, under Mr. Reeves, of your бөсініу. Strangely wmough, the 
Pocket compass with which I practiced rowte-survoying on weakly 
excursions about the suburta of London I carried and axed on my 
ШЕМ across Antarctica last season. І prize it highly because, after 
all, $t rémáina the memento of a vixit that was to decide my whole 
future career. Had it not been for that beantifel amperor penguin 
which I visited weekly аё the London Zoo али] the memorial servies 
Which I attended at St. Paul's in February 1913 for Captain Scott 
and his gallant comrades lost in the Antarcela, I ана probably never 
have chosen the polar regions һа my feld of endeavor. Bet eo deeply 
stirred waa my imagination by what I hed seen nnd beard that tha 

The dreams of youth are long, long dreams; yet despite ай Ань 
uppeointenemta asd sethecks that were іс беп, the purposs held, 
ший а chanta meeting with Anvundaem mada posaible am nirplana 
flight over the polar ma. My meeting with Amundsen was in 1924. 
Our ighi the following year іс within 120 miles of tha North Pols, 
from: Spitsbergen, was the first penetration of tha polar regione hy 
Біейла ûf аш airplane. Їй proved the value of nireraft ка a future 
means of polar єхрїогал он. 

After my flight with Arm dên in the Norge from Spitsbergen in 
19:20, over the morth polar basin to Alaska, reatlesaneas and desire 
па р ей ma until Т was able to settle on the last great adventure пі 
south polar exploration: The crassis of Antarctica, 

А. crowing of the шап between ihe Boss Bea and tha Weddell Sea 
жепей to offer the best possibility of solving the major problem іп 
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moystains ef South Vistoria Land; or, if it does rise in Hearst Land, 
dom it dip again to form a depression oF 8 bew -ага вете] channel 
connaetng the Ross Sea with the Weddell Sea? 


out в transAntaretic journey. Shackleton in 1914 lost Ша аыр before 
he reached the starting point. Wilkins was foiled 2 увага Їл aweeession 
by fulimg to find a wcltable airplane field from which to start. Wai- 
kins, after much preparation and endeavor, failed to get started from 

: Ейкет Larsen wea carried away from the barrier edge by 
the breaking up of the ice, and did not get started on the actual 


and I believed that it was no lenger necessary to risk the lives of 
mamy mea who by бийг sheer physical endeavor would fight their 
way slowly through storm, starvation, blizzards, nnd smow blind- 
ness, struggling for many waaka ngainat tremendous odida across what 
might prova to be a monotonous stretch of sastrugidoatured шыу: 
er, if mountains were (ound to exist between the Weddell Sea and the 
Bem Saa, Пай themedlres in а maze of overhanging glaciers, toop- 
sided vallays, and faced with unscalable cliffs soch sa could be seen 

Graham Land. 

І шум would have preferred to have been with the vanguard of 
polar explorers, and am happy in the knowledge that тєв the 
North Pole nor the South Pole were Arat humbled by conquest by 
air plants. Nevertheless, i would not de for us to lag behind the 
times. Change is tha law of the world itself, 

The killa ата dade, weed they Bow 

Fram fort to form, and nothing кіп. 
says Tennyson. And me our method of approaching the mystery and 
romance of Nature's інгі stronghold apamat man's invasion bad to 


change. 

My own experience with airplanes in high latitudes had given me 
some knowledge of the possibilitins of nireraft in polar conditions, I 
knew that low temperatures would mot be в штен obatacla ta Might. 


relisble for many hours" serviee without overhaul, and 1 bad studied 
mally the Anterctic conditions as fur ns they might affect the use 
of the alzplane. 
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In spite of the general impression created by tha besks on Antarctic 
travel, which are filled with descriptions of bed sledging trails, hazy 
outlines, sudden blizzards, and hardlipoed sxstragi, [found that oria 
the written accounte of previous expeditions really ancouragad the 
belie! thet machines might be landed safely on most of the surfaces 
enocantered in the past. A thorough search through the diaries of 


they found od their sledge journeys, both on the Foss Barrier and on 
the polar plateau, would afford reasozably good landing ella for 
modern airplanes, provided of soure that the weather was euch that 


Оп the way up the glacier, Scott. mentions snatmagi "net mapa than 
$ inches high," ‘There were crevasses ond undulations and soft spots 
ûf болов oon wold expect to find these in the fairly азвар-Мөрей ares 
leadisg up to am айн of 0,000 fest. But it was hardly noccmary 
to consider the glacier muringe in relation to Antarctic flight, for any 
airplane flying over them would, in case of engine failure and a forced 
landing, be nble to glide above the glacier surface to tha lower level 
of the Barrier. | 

When once over the platesu and beyond tho “third degre camp, 
Sent ued the eurface еше far sledpgiz, bet nat until efter 5 days! 
marching did be come to maatrugi which were rough. amd confused—it 
was ao rough, in fact, that Scott decided to abandon bis skis, which 
he had нені ap te that time. — Ent the rough condition wae linoited in 
ағеа-а cross-section of probably Маз than 5 mila; for when they 
came to the end of the завер, Scott says they weet back for the 
skis, n trip whieh rented іп à delay of байг 1 bour and 20 minutes. 
Onward to the Pole, and between the dates January T and 17, anstragi 
Are паповы only four times, алей then only in relation to the general 
dirsetion of tha winds. На ralars to rough surfaces only овса, oa tha 
15th, near the Pole, агні there the aledges “bamped over tha ridges," 

In Amundsen's account of kis journey from the Bay of Whales to 
the Polo, he mentions sastrugi only five times, and only when on and 
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near the glacier, іп the draw of tha mountains, did he find the surfaces 
exceedingly reugh. 

Tha general description of the marassa enoountared by Sir Douglas 
Mason und the embers of his parties waa not so encouraging; but 
then Sir Douglas was traveling in comparatively low latioudes, betwen 
08" and 70°, and his route lay over the sloping ice-shost not far from 
where it meets the open water; à condition likely to indoce bigh winds, 
crossed arvas, and sastrügi. Mawson's Magnetic Pole party led by 
Hage traveled farther from. the continental edge, but waa Got mora 
tham 120 males from the sea. Hage mantions sastrugi only twits 
during the first 75 milas ef travel, and lists the snowy wind-drifis only 
omen as baing 1 foot high; the others must have been lower. Later on 
hn remarks cn sastnagi È inches high, then for 3 days very few, Alter 
that they traveled for 5 days over fairly good surfaces, then Бе mon- 
inna "anm old saxirugi", then “surface smoothly polished.” 

Notwithstanding the difcaltics which were actually encounters 
by Mawson's Hedging parties in the Adelie Land area, Bickerton did 
nas Am кіргегете tractor, in reality an airplane minus iba wings, ond 
taried if several Шинж over a route 10 males long. The surfaces on 
any part of that rente if suitable for taxiing must have been suitable 
fer an emergency forced landing. 

Tt in only Кезі to assume that conditions inland from tha Adalia 
Land coast would be somewhat similar to those found Бу Scott and 
Amundsen farther south. "Therefore, in spite of the general impres 
sina, and alter a careful study ol all conditions met by sledging partim, 
it аанай that on a Hight across Antarctica it would ba possible to find 
at least ав many emergency landing fields ал one would expect to find 
om any transeomtinental fight before the development of air routes. 

The question, them, resolved itself not into onn of safe landing fields, 
Lut whether ona could distinguish a км landing finld irom tha air. 
There is no dosbt about the 4 сшїу of distinguishing the typa of 
anew surface when the су іа eleudad ar during enowdrilt and blizzards. 
but it is nod difficult in sunshine, То avoid danger ip would be neces- 
загу to fly only in clear weather, So the weather problem was tha | 
groatest to be faced in relation to tha use of airplanes іп the Antarctic. 
Tt was, En fact, alamet gront enough to prohibit any attempt to make a 
trans-Astaretin fight, Storms without warning hed frequently ovar- 
taken foot travelers, but if was obvious that when flying it would be 
possible {д sae the approach of a storm at n greater distance than when 
оп the ground, and also possible іс (шїп amay from it if necessary. 
The thing to do Й а storm barred the way was to land and wait for 
clear westher. 

But the high winds had wrecked tenta and almost smothered polar 
parties, and, even before my plana were made, had ripped опе of 
Admiral Byrta planes from Ий lashings and carried it half а mile 
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away. ‘This wae a high-wingwd (уре of plane, difficult te anchor, and 
it hed been anchored бо shallow snow on a glazed ica surface. Еш 
even had it bean firmly made fast, ita hoch wing would have left it at 
the meroy of the wind. 

It was certain that insulliciest data could. ba obtained from the 
Antarctic to allow reliable forecasting of the weather which mihi ba 
encounbered on tha entire route between the Weddell Sen and the Boss 
Bea, and it ты necessary, if T ahould attempt to fly over tat area, ёл 
prepara to land in the face ай bad weather, This plan required special 
attention to the фура of plane ta be used. First, I would need a plane 
with high speed, so na to limit the time risk as far ая pamsibla, and із 
oversomé the high winds which would surely be met with in clear 
weather. The machina would have to be of a буре which could bo 
пай fast вайну to the ice or snow while riding out n blizzard, А от 
wing type would serre that purpose, вен] one without зав or wires 
attacked to the landing gear would boat facilitate the lowering of the 
skis into channels du in the snow and the digging out of the plana 
frena the ancordirift when dhe blizzard was over. 

In 1981, when my plans wers fret announced, there waa no plane of 
the type I required, but а canvass of the possibilities showed that а. 
development of the Northrop Alpha plane, n low-wing all-metal 
machine with cantilever &tréandined landing gear, would beat uit 
шу purpose. At my request, the Northrop Airplkna Са, built a 
specia] machine, the (алыпқа, for my serrica. It waa large ennagh to 
carry sufficient fuel for à ringo of 5 000 miles if nothing but fuel nnd 
cil waa to be carried; bat naturally some of my lead would consist ol 
equipment and eupplira, 1 intended to take enough for 2 months, so 
am to allow for repeated landings, and enough to serve even if we had 
іп ёшигүепсу to abandon the plane and walk to the nearest area which 
would provide food in tbe form of seals amd penguins. The fuselage 
of the Northrop Gamma waa large tuy to accommodate a pilot and 
navigator, n sledge, skis and showshoed, sleeping bogs, tents, éngise 
covers, and heating stoves required for conveniently starting the engine 
im cold weather. The machine was, of course, equipped with a two- 
way wireless ús well nz an arnaryanay radio оше, The final design 
incerporaied a 600-hormepower Wasp angie, giving а рой spu] 
of 215 mülea per hour. Tt had sturdy, short, and wide skis made of 
wood, shenthed with medal. The akis were interchangeable with 
wheels and pontoons, an that we might usa the machine on any type 
ofsurfaes. А unique feature was Ши Йара, a very now feature in 1032, 
which permitted us to land at tha comparatively low speed of 50 miles 
an hour and take off in a short distance. 

After the airplüna was selected it was necessary io find a ship which 
would accommodate the machine in tha hold far safe transport Шитиарһ 
the stormy waters we should cross to reach the Antarctic. Му first 
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plan, based on the assumption that in the Ross Bea, at the edge of the 

Hess Rarrier, waa the only place where I could be certain of 
finding an unkeding paat for the plane on skis, was te fly from the 
Това Een to the Weddell Sea amd return ов n triangular course, 

ship would have to brave the stormy areas south of New Zea- 
lasd, ond have wsfficient range bo journey round the Расібе sector of 
the Antarctic ico edge іо pick me up, ahould I ba compelled to land on 
the Weddell Sea aide ot abandon the plane en ronte and walk te some 
part гі the cost. I finally selected n staunch, single-deck, mobor- 
driven Norwegian Gishing-boat of 400 tena. Sha wma built of Маг- 
wogian pina and oak in 1919. I sheathed her with oak amd armat 
plate for service in the pack ice. Her engine was of the sensi-Diesel 
UP. and I вае tanks for fuel suficient fer araimp 11,000 
miles at a speed al 7 to E сой. I named the ship the Wyatl Есер after 
an unbelerably brava frontier marshal who more than any other man 
ed hia time typified tho empire builders of tha western United States. 

Tho уй Езғр could carry supplies for 2 years аз well ав the 
airplane іп the hold, wham it was wall protected from the weather. 
This left. nur decks clear, except for the explosive gasoline, which was 
carried im drums lashed to the deck raile There wna room, in fact, to 
hare carried anther plana on deck, but I finally decided against 
taking в duplicate machine ог two rassons. Pirat, by exercising 
infinite care with the machine while preparing it for flight, and by 
flying only in fine weather, landing only in «Заг weather, and im time 
їл Шаһ іл down before beleg overtaken by storm, Т could be rensonably 
sere of safely from «баспада. А skilled pilot, landing under such 
conditions would protect us from the danger of accidenin ta the per- 
күпө and leave тіз іп а position to walk away from е machino H it 
wes тиххваагу to abandon 18. Secondly, two airplanes would have 
meant two or mor pilota and other additional members of the expedi- 
Шет, авд in all an extra cost fnr іп exces of the actual and initial eost 
of tha machine, : 

Economy has not always been tho fini consideration im polar 
exploration and while iL is pecessary to aparo no expense in providing 
adequate equipment, there із mo resson why expeditions should be 
absurdly expensive or luxuriowa. It is impossihle, of coarse, іп valun 
discewory in dollars and centa, but ай attempts at discovery should be 
отрагны) with some consideration ler the magnitude of possible 
resulta compared with the amount ef money involved. In Шіз rela 
Боп tha tea ef airplanes has made it possible to lower the «ost of 
exploration and discovery. 

Am expedition equipped for Aging needa em personnel, ard can 
expect bs cower тайга for less expenditure of energy nnd money tham 
жш] be dene when using the dog-besim method. Fer detailed scientific 
research Lho dogma may be пёсёаяагу, but my efori were to be 
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purely in the nature of discovery, to open the way for futura research 
ta follow. Te achieve my purpose I believed that, һу carrying ший. 
cient food and equipment in the plane, we could, if required, spend 
errial weeks on the journey, and if by chance our plane waa wroebed, 
we coald either hold out until my ship cold return to civilization, 
pick up another plana, and éanse bs eur rescue, or else meat us af n 
predetermined point to which we might walk, and whare wè mich 
Ний additicnsl native food, 

Adequate radio precaulion would nsara us of communication with 
our База at aH times, amil Lo cover this I prepared not only far two-way 
radio communication from the plana bat carried пя wall a complete 
engine generator ast for use when the plane was on the ground, and а 
complete hand-driven set for maa whem alodging "This, we believed, 
would take care of all emergencies. Bat we wore wrong, for during 
our flight a terminal inside the sending set, and which we could not 
Teach, burned out. While we were on the ground between flights wa 
Tainted the prearranged schedules thros times daily, bat the 
signals sant out by the engine generator set were never heard, Thà 
cx] in the hend-driven generator [reza stiff and stripped ita гагы, 

Believing that we hed ample fuel, we did not conserve our supply 
either when climbing to high altitudes over Hearst Land er during the 
various landings, and this breught us te а landing out of fuel when 
within 16 miles of our goal, There wna no useful radio prar nt Litila 
America, and with a iesin foot amd considering the обоа of 
eromung the terribly orevassed area and pressure ridges which lay 
between Little America and our plane, I did ши think it possibla to 
haul equipment and fuel нис! te bring the machine to Litile 
America, where in time it might baye been possible to repair ihe 
wireless ый. Бо after the sat failed, when we were about half-war 
његова the Antarctic continent, wo were out of teach with our base. 
We did, however, pick wp time signals on three separate days from а 
station ах Buenos Aires, and this meda it possible for us te cheek up 
on our chromometers and establish our positions, 

With tha exception of our wireless, oar equipment served iis parpees 

гау, ‘There was no difficulty with the airplane equipment 
Їнэгацаа of the cold. Whervrar we landed on the plateam sríace the 
snow Waa insoobh and bard packed. ‘The skis sank basa thas an inch, 
and we had no diffeulty in landing or taking off, oF in sseuring our 
plane so that it wea saja during the blirzards we experienced. This 
shows that n гараба selseted machine and maitable equipment, in 
the hands of а skilled pilot, will вағға for preliminary reconznimance 
in the Antarctic. Even in the mounteinous areas we crossed in Hearst. 
Land, there appeared to be many places, which would be difficult to 
reach by dog team, where we could have landed safely. 
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An airplane can carry more алий bring back more specimens than а 
dog team could hanl and although mech time might pasa while mait- 
ing for | good weather, the speed of travel when tha weather 
js good and the exrallant visibility to be had when traveling by plane 
more than compensate for the delay, ‘Therefore I think that with the 
airplann we сап reveal tha last remaining unknown regions on the face 
of the earth. 

ба much for our plans ард the way in which they failed in certain 
pointa, ‘The details of the flight have appeared already in tha роса. 
tions of American societies, but в brief summary of them will Ш ba in 


place hèra, 

In 1933 1 had planned to male the Sight in the opposite direction, 
irom the Bay of Whales to the Weddell Sea, авд in January 18:34 had 
landed the airplane en the bay ice which, after a successful trial fight, 
broke wp in a gale and crashed the machine во extensively that wa Һай 
to abandon the attempt. 

In September 1034 wa were back іп New Zealand ready for another 
attempt; this time be make the flight from the Weddell Бай, із the 
Кола Sea, because an earlier atart яғы possible in that direction owing 
to earlier break-up of the pack ice about Graham Land. But the 
weather was altogether against us, Өгей нь Deception Island and later 
at Seye Hill Island on the east coast of the archipelago, where we 
found а suitable fying base. Wa made в вагі on January 3, 1536, 
but. ware soon driven back by bad weather, In tha whole of that 
season, afd we were thera for 3 months, wo had leas than 12 hours of 
flying weather. Retorning from Snow Hill Isand, we were caught in 
tha pack and got free with difficulty, and for the third паті we 
those a safer base, Dundee Island, аша 80 mila north of Snow Hill, 
which we had marked on the ratum from the previoum aitemptl. 
Tha Ишт Karp merhed Dundee Island again in November 1825 with 
Sir Hebert Wilkiza and five others whe had been om all threo expedi- 
фета. For pilot om this flight I чан fortunate in obtaining Miri 
Herbert Hollick-Kenyon, who bad obtained leave from Canadian 
Airways; be had much experience of Aying in subarctic oonditions. 

At the summit of Dundaa Island, aboot 500 feat above soa, there 
was an almost unlimited snowüeld with an excellent. tike slightly 
downhill, Supplies and fuel ware hauled up on sledges and personal 
equipment cerned by the plana during test fights. Thea weather was 
favorable and we took off on November 21 in clear weather for what 
we hoped would be the main flight, but after about 600 кайга our fuel 
gage clogged, so that wa were forced 80 return, and landed after 10% 
honra im tha kir. We hadi realized from our experience om the first two 
expeditians thet the only way to fly in the Antarctic ia to start in good 
weather, and, if it tuma bad, to ba prepared tó land and swait the 
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rebum of better conditinna. So this time we took Bû meteorologist on 
our bass talî, feeling that it is impossible to forecast іп the Antarctic. 

Next day the machina wes refueled and the engine tused up again 
by the mechanics, Tho weather promised to remain clear, and 
Heolhek-Eenyon and I were called at 0240 on the 234, (All dates ан 
times ara Greenwich Civil Tima.) We ate a hearty breakfast and then 
dressed in heavy clothing, with snowshoos, We purposely mada alow 
Шинэ walking the 5 miles to the plang, because we did not wish to get 
eur clothing damp with perspiration before taking off. After + hours 
Kenyon busied himself with last adjustments Т had only опа thought: 
"This time we misst males it.” 

When we took off to the south at 08.04 en November 23, tha weather 
wae clear, the temperature =3" C. and the аба а turqnaize bius 
which gave а marvelous reflection on tha mountains, Ey 08.30, ва 
we flow along the coast of Боза Island, we had climed to 6,400 feet 
and the temperatere had dropped to — 10* С, Weddell Sea was quita 
épen for the first 300 müles—wnusual im the Anteretle springtime. 
For 600 miles we few along the eastern coast of tha Antaretio Arahi- 
pelago, until we came to the frozen channel which we identified as 
Stelurmon Strait. It appears to be mat more than 3 miles wide, 
mech narrower than i» shown om the map of the American Gei- 
тарыса] Society, and we could not seo far enough to determine 
whether it netually connected the Weddell and Bellingshsusen Seas, 
ок waa merely a deep fjord, though wa bad risen to mora than 13,008 


So long аа we had landmarks for checking tho plane's ground speed 
and position, we made careful notes of dead reckeniag, and found 
thet cur ground speed was bower than expected, but was 120 miles 
par hear of more. Ey 00.30 we noted that there was some wind 
and later that we were drifted too far to the east, and our course 
waa altered бо allow for this, 

The low, black, conical peaks of Capo Eielscm rosa conspiewoualy on 
var ladt, and with keen curiosity wa gazed ahead at the great mountain 
range іс be crossed, Bold ned тегжей peaks, bare of mow, rose 
almst sheer to some 12,000 feet above men level, Шаргезаей with 
the thought of eternity and eur isaignificanes, I named the new moun- 
tains the Eternity Range, and the three most prominent praka an 
our Tight Faith, Hope, and Charity, because wa had ša have faith, 
and we hoped lor charity in the midst of cald heapitality. Thay were 
im striking contrast with tha flat low peaks ef tha Amtarotbs Archi. 
pelago which we bad followed south, peaks which dwindled into low 
isolated nunataks as wa naared Sisfanasom Ztruik. The range which 
We Were now crosing was loosely formed, with none of the crowded 
topography of peaks and gIncier-filled valleys with crevamed botioma. 
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Миг 3 hours the mountains beneath us gave place to а таа! polar 
ina platewa from which emerged а few runataka, the Іші relies of the 
mountain chain just равї. Wa were fying af 10,000 feet, which 


jenlatad mountain peaks, bat these веда faded out on our right about 
15.20. Forty-five minetes later other peaks showed om the same 
skyline, and in another 25 minubes more mountains 120 te 140 miles 
away appeared on our left horizon, and nlsa в, [ew panka фо tho right. 

Sun sights бага. af 16.53 пенй 13:34 gare m fix which appeared te 
show ihat we wore more than 200 miles west off our course; ва will be 
axplained later the bubble sextant had got badly cut of adjustment. 
АА 17.00, when by estimation we had passed out of the Falkland 
Idands sector, I logged: “Lang, 80” dropped American Bag and 
named the land up to 120" west James W. Ellsworth Land. What 
n thet! One hour and forty-five minutes Inter we came abreast of 
à solitary little range about 25 miles away ов oar left, ayzumeirally 
formed, with n ceniral pyramid rising to 13,000 feet, I named it 
Sentinel Range amd ita central peak. Mount Mary Lolan Ulmer, 
alter пау wife. 

Fifteen minutes later, nnd 100 miles distant on dhe acuthern horizon 
appeared в long, black, lai-tapped range which extended visibly 
through af legat 1* of latituda. This looked like the last of the moun- 
taina we were to xe, for nhead lay only в таа! plateau t the horizon. 
At 20.40 I noted: "Мо landmarks visible. Only a limitless exponen 
ef whita" At 20.45 Hollick-Eenyon passed me the following Enss- 
явдал "I really Нате no idea whore we &re—Ebuk our courses сагеГайт 
steered should put us close in," and it proved in tbe ond that we bad 
resasinéd surprisingly close to our scheduled course, within 45 miles, 
though our speed had been much lower than expected, We had 
ben in the аш nearly 14 bourk; visibility began із get. poor, and we 
determined to land and take sights of the sun for our position, Гог we 
had no fuel to spare, We had mo knowledge of what the surface 
might be like, nnd it wea misty on the ground, bot wa landed safely 
ai 21.55 са November 23, though we crumpled the fosciage in landing. 

Тыл wos Ши first of our four landings during the crossing, and 12 
ef Whe 19 hours here were spent in taking observations to check tha 
position of this our Grat салар, which we will сай Camp I. ATier 
getting опа position line, it was necessary to wait or $ hours to get 
another line crossing the firat a am anglo ни санал to give à reasonable 
lotersection. I went out баба to pet exercise belwwen the observa- 
lana, hut the mesotoay of the terribly expanse of endless white gos 
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оп my nerves, аб that 1 waa glad to үзі back into the four walla of the 
tent, ‘There are 24 boum of daylight in this region at this time of 
year, and that, too, wears on the nerves. The temperaiure was 
15" Below dressings. Tharang our 19 hours here we strung up the 
antenna wires on the bamboo sledge palea, worked the 1 
transmilber by hand, and kept on sending calls, both general and ta 
tha Wyatt Есер, bat we got only one response during thy 22 days af 
Our journey somes Antarctica, and that was: “We can't bear you.” 
The dead rockeaing position of the camp was latitede 0738" E., 
longitude 141 9029, bat our ground speed bed been шин overestimated, 
for the position as determined by cur sheerrations was 802007 S., 
104° W. And we had not thes overcome the trouble with the sextant. 
When its index error was eventually discovered and the sights recom- 
puted, it proved to ba T9*15^ B., 102*35" W. ‘The snow on the high 
plateau was granular and packed so hard ibat the skis of the plane 
mide Ше impreson. “The surface elevation was 6400 ford, and tho 
platama extended with alight undulations im all directions, 

The Pole lay 750 miles south, Dandes Пајал 1,550 miles behind us, 
the const line of the continent several hundred mike to the north, 
and the Bay of Whales 750 miles ahead, [t was here ibat I raised 
the American flag, and нэ far as ihal act would allow, Майнад tha 
sector beiween longitudes 807 to 12507 W for the United States, having 
nbeady in my mind named i£ James W. Ellaworth Lard after my 
father, Thal part of the plateau above 6,000 fant I called Hollick- 
Kenyon Platens. We set up our Баса к test. and took repented 
altitudes of thé sun with the sextant. 

After 19 hours at Camp 1, we again took to the alr st. 17.00 on 
November 24 in сайн weather, but lookizg thick ahead. Wo felt we 
micah push on, for our chances of a meçal | crossing were decrensed 
in proportion to the time we lost af any one place. We soon experi- 
enced low visibility, and af the end of a short half hour we were finally 
forced to land ngain, with a ground elevation of 6,000 feet. Wao warn 
amrprimed nt the mea with whieh we cold land or take eif os а hard 
surface. It requir mo more than 50 yards üo rise from the snow 
whee we left the fret camp on Noavamber 24. This Es all the more 
remarkable since we had no assisting wind, and snos we were at an 
elevation of 6,600 fpes nbovro sea loval. 

At Camp П, we waited 8 days for good weather, trying strenuoualy 
amd continually, hut fnrbenntely umsuessessfelly, to fe алт position. 
І say fortunately bocause the number of observations we made here. 
wore useful later in гісіз the error of our sextant, Altar getting 
only a тегу rough approximation to cur position, we teok off in great. 
uncertainty aboot the precise direction of Little America. 

This was om November 27, After 90 miles, we landed in a fog, and 
ak (030 a Ый wea ирэв ва. On Movember ӘҢ, 99, алый 30 wa 
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lay all day in cur aleeping-bags with drift and gale reaching 80 нм 
per hour. Ву November 30 thure were bnga drifts around the plana, 
amd the гөберіін wore full of snow. Wo were unable to реб into com» 
munication with the Wyt Esp, although om November 30 we pot 
three time ticks from Buenos Aires, We werd 600 miles from Little 
America and probably had net enough fuel left to got there. I con- 
aidar this stay at Camp ІП as the low-water mark of our fight. 

Howerer, with our prospect ing so dark, our Ман ол wns 
improving. At Савар Ш we ен у thought of the simple expedient 
of adjusting the bubble of our sextant on the anow borison when the 
index тєвд zero. ‘This showed that the sextant had after the fret 
obmervation developed am index error of 82 minutes of arc, and thas 
ab had been appareniülr constant. We reduced it to ва uncerialuly 
of about 4”, enabling us to fix our position and ba set а direct боттза 
to Little America. Ones the sextant was put in approximate adjust- 
ment; our navigation problem became a simple ona. All sbarre- 
thon, except the very ret one, were corrected for the determined 
index error of 82" and the positions reworked with impressive results. 

The sessed ohservation, taken in the nir nb 15:54 on November 23, 
showed that the plane was behind schedule, ‘The Ыш discrepancy in 
the estimated alr speed of 145 miles per hour and tha actual ground 
speed № accounted for by several factors: (1) The substitution of 
akis бог wheels causing an unexpectedly heavy drag; (2) a slightly 
crumpled fuselage which altered the sbreasnlisa amd thereby reduced 
Ше speed: (3) unexpectedly harry bead wipala; (4) kor teniperatures 
whieh reduced the engine-power output; and (8) throttling down the 
engine to save fuel. Thuring, the whole midasction of our flight, 
from tha tima we left Eternity Rango until we started on the down- 
grade to the oss Barrier, tho prevailing wind blew from the east 
and southeast, Only twice did we Бата à north wind, and then ely 
for а fow minutes. Wo never had в weet wind. Hut these factom 

account бог the reduction of more than 26 percent in the spasd 
of the Pole Star, ‘The measured speed at the beginning of the flight 
whee the plane was heavily laden, and tha known speed of the plane 
on the lmt two lega, waa relatively much higher, нэ thet ап extremely 
low greund speed of about 92 miles per hour was made on the first 
and тирей dangerous log of the fight. 

Cin December 1 wa spent the whole day clearing snowdridte from 
the plans, which was one solid block of snow. То crawl in Among 
the controls with a tenes and Heir away dry anow ns fine аа flour 
was the worst job of all, Оп Decamber 3, we tried to start up the 
machine, but the magneto burned out. It looked ms though wa were 
850 miles from tha Вау of Whales with no Бора of getting there. 
When the М талд abated we were able бо cut mowblocks to erect 
в shelter to the windward of our tent. For 8 days, ший December 
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4, the storm held са prisoners ін the camp. Our only excursions pst- 
sido during the blzzzard were to usa the wireless throes tines daily and 
to fll our bucket with snow for water. Chir food ration was 34 onmia 
A Tian each day, bel we were not obliged to adhere фу the allowance 
am wa кін only twice a day. Even than wa were never very hungry, 
In the morning we had а mug of oatmeal with chunks of bason boiled 
En it, milk, esgar, авд oai binenit with butter, In the evening wn 
had а mug of pammican, oat hiseuik, ања ийг, Î thrive om this 
sizupla dist, just ns in 1925 with Amundsen I never grew tired of eur 
menta of hot chocolate morning and eight, aod pemmioan аў noon, 
Оша morning we tried unsuccessfelly ta start the airplane moter 
after warming it Гог an hour, “The situation seemed bed, for we were 
being buried deeper and deeper in the mow. Wa decided that we 
EE get out of thet holo irrespective of the weather ahand, and after 
B daya im the blizzard балтыр we put the canvas hood over tha motor 
and placed the fire pot inside far 45 minutes, a we always did before 
Harting. Then we cranked the engine. Alter a couple of weak 
turns tha propeller wosld stan with a choke, Kenyon eomnected the 
stronger radio battery to the starter and had the propeller going in 
ma tima, With the plane onloaded we pulled out of the АНЬ, loaded 
up again, and ab 19.20 on December 4 we took off ішіп a sky which 
wes anything but promising. But we bed not been flying long before 
the horizon becams clear and the sky took on а beautiful golden 


glow. 

At 23:10 wo саван down io get a sight, which made Camp IV in 
Toray 8., 153537" W. It waa а beautiful salm night, the boundless 
snow fields sparkling like dinmends Thare was no wind, we had 
left the high platasu, and were only 145 mita from the Bay of Whales, 
inen more it was good to be alive. Wa wer now on territory өл» 
plored by Byrd and all wo wanted weas to pet to car destination. 

At 09:00 on December 5 we tesk off and at 00.50 reached tha north 
end of Roosevelt Island, only 16 miles south of tha Bay ef Wales, 
lat wa did not know thia at thé ime. From tho air wa яалт tha ier 
{теб waters of Heas бай, the goal of my 4 years of endeavor, А4 10.05 
tha Polar Star alackened her speed and cams gently to ihe mew, hor 
460 gallons of gasoline completely exhanated. Fere wa made Camp V. 

On December 6, we dug trenches to settle the skis in, waiting to 
walk iò Littl: America. On December 7, the southeast wind com- 
tinued, with snow aqualla and temperature round about freezing- 
pomi. On December B, standing om the wing of the plane and looking 
northwest, wa asw among a lot of irregular ісе huranyocka, that might 
bo snow vene] buildings, whet Kenyon thought waa a wind-jenerat- 
ing tower. Was it Litt AmericaT We thought we would trek over 
on our snowshoes, bat after а 2 byur walk woe appeared to be no 
nearer and returnad ta iba plana, 
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On December 0, wa packed car hand sledge with 10 daye" ration 
and started off, leaving our tent with the plane, and expecting іо 
find shelli in the huts, We traveled 0 mīla of heavy hauling Im 
dhe soft snow, end ка we néared the tower we saw thet it was only an 
кө pinnacle. Being without tent or sextant to fix where we werd 
та had to leave the sledge and return ta the plane for both; rested 
an hour, and got back to the sledge af 09.00 on December 10. We 
made Camp VI here, and after 7 hours’ sleep took sights and fixed 
ita position in 75^38" &, 16835207 W. about 12 mila south of the hed 
af the Bay of Whales. The weather for 2 days had been peswhecš, 
with no wind, the son shining out of a cloudless sky and the tempera- 
ture above freezing. 

On December 11, wa traveled 10 or 11 тайға, sledging by low sun, 
and had ona bad pull over a crevasss, Di wei weary work, and it 
gocmed ва though we must be going im the wrong direction, for the 
eeveranding expanae atretched on femever. The low might gan cast 
a dull glow over the ice fields without warmth, although the аку was 
dowdless, Suddenly І told Kenyon I could aes a line of blue water 
оп the horizon, I waw the Bay of Whales, and wa had been traveling 
mnih too fer went. 

Оп December 12, however, although we marched 12 miles, we were 
unable to find the water which we had seen the day before, On Desam- 
ber 12, traveling entirely by compass ав before, in misty weather with 
now fures, we made another 10 miles, Wo approached а тыйа 
and hoped to get an extended view. ‘Topping it, we lacked straight 
down ints salt water, We bad heard tha lapping of the wares and 
thought it waa the wind but it really wns the ses ot last. 

Cm December 14, we reconmoitered and in the evening took a sight, 
to find we bad traveled about 10 тайга too far north, and munt. go back 
south. We judged that we were ot the mouth of the Bay of Whales, 
Оп December 15, we traveled 15 miles and come, at “Verrier, 
Byrd's unloading place, upsa two tractors halt-buried in mow. This 
gave us our position, a we dragged on up the бая! sida of the bay, 
topped n rise, and lecked dows upon the most desolate remaina of past 
hebitation that I hove ever witnessed: only à [08 of maata and the 
stove pipes of buildings sticking out of the ancw. We broke though 
в glass alright, and were able to lot eursilres down into whet proved 
in be the nulio shack. 

On December 16 wa dug a tunnel and made абера down to the door 
of our shack. We found coal, gasoline, nnd some welcome stores. We 
cleaned up everything, and settled down 00 û renting to await the 
arrival af the Wyatt Keep, Every day I walked û miles down to the 
tractors where we had pol up our tent, with two yellow streamers and 
n note that wa were at Little America, ао that the Wyatt Earp could 
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Оп January 15, в month after wo arrived at Littl America, Î waê 
awnkenad at 22.00 to ase Kenyon standing over me with a note in hia 
band. Не had heard the тоаг of а motor overhead, although our 
dugout home was 15 feet beneath the snow, amd had crawled up to 
the surface in time to see а pargehuta descending Lhreagh the fog which 
п-т capa The parcel contained food, and the 
ший Wasa Сарла Hill, commanding the Б. Б. B. Discovery II. 
Within 10 days after the failure of our radio the Commonwealth of 
Алтеа had sent ñ relief expedition, and bad been seconded in this 
by Ше Governments of the United Kingdom and Now Zealand. Ая 
І was laid up with on infected foot, Eenyes started off aleno to eat 
our visiter; but T could alesp na mare that night, and startoi out іп 
shoe ba learn what waa op. A milo from camp I saw throagh the 
fog, which magnified frighthully із thise regions, what appeared tn ba 
ñ whola army of man marching toward таб: in reality there wore six 
of them. We packed the sledge and started for ihe ship, where I 
waa received with open arma, und learned that my own ship bad begn 
delayed by the pack kes in the Ном Без. Three days later a midis 


very soon the staunch little craft loomed up im the fog. While my 
D) дый ын аен ta Бы م کر‎ ити 
Г.Нхсасету ГГ to Australia, where 1 was for 12 days the guest. of ihe 
Government, 
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2 MOVING PHOTOMICHOGRAPHTY ! 


Ве Ш. X. Калишкр 


[Wish 12 platea] 


For a long time the microscope served the purpose of observing 
amall animals, tissues, and cells without special preparation. The 
dera te аға moro nnd to ses better finally led tho histologists to 
invent all kinds of techniques of fixation and coloration, Then 
scieniishe returned bo ihe ташин of examination im vivo aa more 
санаш. The perfection of optical instruments (homogeneous 
immersion, black background, ee), the progres of means fog piit- 
imation of ihe cells, such as the сте of the memes in viro amd 
mieremnumipulntiom, регішіз ihe experimenter of today Lo observes 
tbe reactions of the cella during their life activities: Their direct 
macions, thelr movements, their divisions, and their difficuliiea. 
Moving nhotemicropraphy landa to than raw reaanrehea ite clearness 
мы рэн af ан ЛЫ xad. ic ба ж, of гийн тына 
all the morementa of the call even when they nay ba tes alow or too 
brief for our eyes to ees. Та other words, ЇЕ тайга tmierecopls врага 
und time to our own scale. 


paizataking research of more than 25 years, In these past 15 years 
Dr. Comandon haa found а valuzbla collaborator im the pwann of 
Пе Fonbrune, who among other important discoveries in the domain 
of moving photomüorogréphy bas invented the micromampulator 
дъно in No. 2087 af La Nature. 

Little by Беа, tho microscope and the &pp&rntus for taking panas 
tures hare bron adapted to each other to result finally in the present 
apparatus, а тегіл Ша litila factory of very bigh preckuon 

The apparatus conceived by Dr, Comandon (pl. 1) ін composed 
ef four paris made аа independent of басы other аз розы te 
prevent vibrations communicating between each рагі and im par 
Шешат to the microscope. The different parts ore ús follows: (1) 


A largo table on which is placed the Zeiss optical bench for pboto- 
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shows the object or tho wubjeck to the photographer en а ground 


gium placed in focus. 

The apparatus is run by nn electric motor of 0.7 horeepower sealed 
directly into the concrete masonry, Normally it gives 1,500 revalu- 
tions per minute, but thia speed сал be гч асга опа Ба by —1 
ж rhecatat. 


The movement of the motor ін transmitted by a belt ta à horizontal ` 


inbermedinte shaft epporting several pulleys. By means of this and 
another belt, the rotation m comumumicated to another borizontal 
«най either directly or by means of speed reducem, This shale 
operates the camera apparatus amd shutter; tha operntion is thus 
maintained perfactly wymehromous with that of the moving-picturn 
apparatus. Тһе speed reducers are xed very conveniently on the 
alot of the steel table: they can be clamped one following the other 
вэ hat the frat eme receiving the morement by а belt of the intar- 
mediate shaft trnnsmits it, reduced in speed іс в second reducer, 
then if meceesary to m third. Each reducer ін characterized by ita 
cocficient of redisstion and on esgshiming then ooelfclonte, the varied 
speeds ғап be obdalmed. ry 

The shutter d is а balanced sector that cuts the light ray ай near 
aa posible to the micressope. Та this manner, the microscopio 
preparation is seiiher lighted nor heated during the time of closing, 
thus taking cure of the delicate microorganisms, 

The micreseepe ean be enclosed im an electrically heated chamber 
8, and in thie way the preperation сап be maintained at # constant 
favorable iamperature jest as im а bacteriological chamber. The 
frowt side of thin «асын m of glass which permite passage of light 
тауа. ‘The ocular emerge from the upper part of the chamber, and 
ай а convenient place on the side але knobs for regulating the focus 
and the morerenta of the mirror (pl 2). 

Ta prevent m lose of several metera of film, since (he apparatus 
when started requires a certain time for stopping when the electric 
current is cut, D. Comandon has added а brake to the shaft of iha 
maser, 


Finally, & special operating part, invented by Dr. Gomandon and 
De Fonbruns, controlled by a chronometer, permits setting tho 
apparatus automatically ints merament, stepping it, and starting it 
up again at the end of a desired time. In this fashion the photo- 
graphs cam be made wutomatically at any moment xed im advance 
by the operator and also during Ын absence. The tima recorded on 
each image (in the upper corner of the film) shows the exact time at 
which any modification or movement registered oa the film is produced, 

Another problem, moi lem complicated, comsiste of guarding in 
photographed. Twa &comeory paria can be utilized for this purpose: 


ШЕ вк“ 
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MOVING РИГГГОЖПСПЬИЙНЗМАГНТ--БАРЛЕЕРР SET 


The improved moist chamber (of Ranvier) and the ой chamber. The 
moist chamber (lig. 1) consista of a шая slide on which ia 
attached with saling wax a Hat glass ring about 15 rillimeters in 
interior diameter and 1 millimeter thick. This ring has ап opening 
to 5 millimeters wide. It is covered with в cover glass that m 
led to the crows: by means of a thin layer of vaseline, The mediani 
and the objects із ba observed are introdueed through the lateral 





тынған p — hipin cher. 


opening of the ring by вовава of à fine pipette. When the pipette 
has baen removed, the lateral opening is совой up with a stopper of 
vaseline, 

The provision of emeleaed air in this moist chamber im generally 
sufScient oven ta antis[y the need of Тагтаа during their batching. Il 
necessary, the air and the medium can be renewed through the same 
lateral opening. 





Таһа L—O ин. 


The cil chamber (fig. 2) consists of a large drop of oil of vaseline 
placed on а cover slip held kerisontally by magna of а little support 
undar the mieroseope (figs. 2-А and Г’). The center of the 

drop of oll just to the point of contact with the glass is pierced by the 
point of a fine pipette containing tha medium amd the living argansema. 
Thè pipetts la connected to the mouth of the operator with rubber 
tubing. Ву lightly blowing into the tubing, the aqesoua Hquid iz 
made to leave the ріреМе and spread oud on the glass undar the oil 
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(lig. 2-8). The thickness of the laper із then regulated by inhaling 
dhe охсон of tha quid until the cells are lightly compressed between 
tha cover шір and the surface of the cil (fg. 2-С}. Сегініп motile 
1 , such as rotifers, larrae, or сабой Infusceia can thus be 
rendered immovable. In the атаа manger, excess of gil at | 
removed. Tha aqueces liquid, thanks to Its adherence to the glass), 
forma n thin layar under the oil. ^ 
wing to АЙ thees improvements, Пт. Cosandan hua mele wonder 
ful moving pictarea with the microscope. Our readers can readily 
appreciate this by cxarsining the few views reproduced bere, although 
they nre asiman om the pages of our article. The Ёа on tha 
black background are mada by wing the ultramicroscope lighted by an 
REFILODCCIION OF AMOEBAE 

When pamare unisellolar organisms fied themselves іп зашїйтаг- 
abla гп Нюша, they undergo в change of form. Certain bacteria 
become deformed ad go into involution; certain protesna aneyst. 
Whea the medium retoma to а favorable etate, they come out of the 
вузы and теяшпа their customary shapes. Plate 3, figure 1, represents 
five nrnoeban which have bees enoysied for several weeks. Their 
protoplasm ба in а state of complete repose. At their right can be 
жана n wandering amceba. The diameter of these сума із from 
11413 to 0.018 millimeter. 

Figure 2, which follows, taken at 4 “ерэн, shows a cyst on the point 
of breaking. Tha projection shows the very lifelike movements of the 
protoplasm of the nmaesba in Ща cyst and a contractile vaeuole has 
appeared, At 4:36, the amocks dears open the cyst toward tha right 
(fig. 3), and at 5:32 the young amoeba escapes through this narrow 
opening (Ez. 4). 

Figure 5 shows а young amotba which ia baginsing to tale nowriah- 
men; it bas already collected several bacteria with the posterior рагі 
of Ил body. Finally, figure 6 represemia the most usunl mode of 
raproduction of the amoshas—almpla division. 


DIVISION GF TE Pa HÛRÎ ES 
"Tha trypanosomes, among which mre found species pathogenic to 
шал, uch аз Trypanasema gardens, which is ibe agent of sleeping 
sickness, ars Protocos. They generally multiply by longitudinal 
division жа shown іп plate 4, where ігураловотия, аге shown undu- 
lating among the spherical red blood согривс ва. in the blood. 


THE LIFE OF АМОЕВАЕ 


Plata 5, figure 1, shows an amoeba taking nourishment which om- 
шив of ап alga, iim 19 minutes 50 seconds past 11 o'clock ; и. parodo- 


ч 
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imilar movements repeated many times ibat the umorba sbaorba 
the entire filament. 

Certain amoebae are alas nourished by the protoplasm of cells of 
mode, Im plate б, figure 1, there are shown two алиф braced 
ngninat the dane plant cell and attacking the cellulose meesbrase; 
the time із 11:05. At 11:28, the amoeba on tho right hos pierced 
the wall and аен the cell contents which рада into the ашина 
and form а large vacuole At the seme tena, the other amoeba 
detaches disell from the support and mores away (Bz. 2). 


KATYOEINEELS 


The Dung pictures were talcen of He red blood corpuscies in ihi 
mother cells of ihe Triton, the diameter of which is about 0 
millimeter, The mucleus, which is very large, occupies almost 
entire гай, and like the cytoplasm of the rest of tie cell, it is relativ 
opaque. Plate 7, figure 1, taken at 7:36, shows а cell that із ready 
to divide. The protoplasm іш animated by very alow rra urbe, 
dighenlt ta distinguish by dimet examination, but clearly visible in 
the projection because of the enlanzement (about 50,000 times) and 
the acceleration of the movements, the speed being multiplied, 
according to the came, hy 16, 48, 112, und eran 480. 

At this early stage, Шеге may be observed n rotation of the nucleus 
in the plane of the preparation. This rotation may be, in one case, 
380? in & mules, im another сала, obrot 2287 іп 25 minutes, in n. third 
еван, about 180* in 27 minutes. Probably this rotation тоға! from 
the efforts of the nucleus to embed itself into the eyteplaem befora 
division. 

Thara then ensues the gradual formation of the nuclear spireme; 
the disappearamce of the puckar membrane m very rapid (Bg. 2 
at 7:44). At this moment, the deformations at the periphery of the 
eell caes карау. The spireme becomes loosened and forme 
strands which are generally placed at the periphery of the cell and 
in the plane of the preparation when the сай ia lightly pressed with a 
comer sip. The transversal division of the threads of the epireme 


plate (lig. $ 88:27). In those chromosomes situated im tha fecal 
plane, the phases of the longitudinal division con be followed, then 
the migration of the new elements toward the poles of the disaster 
(fig. 4 at 8:35). The chromcesmes then group to form two daughter 
nucle (бр. Û at 8:42). Аб tha moment of the constriction of the 
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protoplasm, thers ғап be distinguished fibers that rum perpendicularly 
to tha plane of segmentation; these nre the connecting Glamente of the 
spindle (fig. & at 8:51). 

While the алиа! of the two daughter сайн are being constructed, iba 
characteristic checkerboard arrangement taken by the chromatic 


network may be observed, and there is ales noticeable а progressiva. 


darkening appearance of the cytoplasm eased by the hemoglobin 
(Ед. T nb B o'clock]. 

The daughter cella directly after cell division takes place present a 
very striking lobular appearance which progressively changes until 
they return to their definite forma (fig. B at 11 o'clock). There 
Е. 
erung the photographic field 


HAEMOLYSIS OF THE BLOOD 


The photomicrographs of the — od pum A Paali 
fer judgment of the hypotheses and theories meade regarding the 
simeciure of the red blood earpasejes, which hare bean contradictory 
up te this time because of the imperfections of the means of ordinary 
investigaticas, such as the microscope and the 

Tt dhould ba remambared that the diamater of the kiwan red blood 
compuscle is about 0.0076 millimeter, Tho red blood corpusclea of 
ытка mammals when in contact with hypotonk: eclution fir 
become арата, then undergo в alighi shook and gradually become. 
pala, showing a combour that ін scarcely visible (pl. 8, fig. 1). 

The buman red blood corpuscles in an seid ulated solution (11,000 № 
hydrochloric acid, for аланлар awali up, Eben hayati there mar then 
be observed а white turbidity that starta at ome point of the periphery 
near the елімен, progresos, amd soon forms a circular region that 
teralis im the Йосспіепге of the panana expelled freon the globala 
(pl. 8, fig. 3). 

With the ection of hile, the nucleated red blood corpuscles of the 
Triton seem té soften, changing ints a cylindrical or айп со. form; 
than their walls disintegrate, commencing at ñ point oa the periphery, 
and this destruction proceeds very rapidly im all directions. It is a 
aort of siripping af the blood cerpusela, the contents of which are 
then dispersed, As to the human red blood corpuscles, the modifira- 
tion of the membrane and the dispersal of the globular contents, in 
ihe presence of the bile, take place so rapidly thet there seems to ho в 
varitable explosion (pl. 9). In the red blood corpuscles of tho 
batrachiana there may ойға be observed animated particles with 
Вета movement that wre freely displaced 

The contenta of tha red Моод corpuscle-then амт to be Hamid. 
Tf there is а sbpomn in the interior, it must be composed of n few and 
very fine filaments which are invisible even in the ulizamiercecope. 


| 
| 
i 
: 
| 
: 





Эг 


- 


MOVING EHÜOTOMICHOGRAPIEX—EAPXEEFF 431 


After haemolysis mo stroma can be detected, amd observations disagree 
regarding Ия preaence. Thus in the preparation of tha blood of the 
hen containing Spirecbtda gallimzrum, or blood of the rat infected 
with Spirochaeta duttoni, the colorless, haemolized globuls frequently 
"contain perfectly motile Spirochaeies which seem to bë caught im n 
Атар (pl. 8, fig. 2) amd which nre unable to find the opening at which they 
‘penetrated. This indicates that ега was a membrane at the timo, 
and an opening, and that tha stroma must be very loose il it doca exist. 

As may be judged from thas [aw pictures, Dr. Comandon's films 
are extremely clever. ‘They have exeited the enthuses of chola 
іп the congresses amd scientific водена where they have bean pre- 
sented, They prove that moving pictores can add new ànd 
shasrvations to biological studies amd that they сап furnish irredutable 
төзітін, the analyala of which furthers research, һа well as projections 
which facilitate inatrectian. 


THE MEANS OF DEFENSE OF THE ORGANISM 3 
When an infeetious disease ia raging, certain individuals parish, 
others become sick and then recover, while still others are not attacked 
by the disense, Tho resistance to infection la designated by the term 
immunity. The mechasies of immunity are included among the most 
enmplar probleme of research etodied by biologista, 


PHAGOCTTORIE 


Metehniked?, a student of Pasteur, made known in 1582 one of tle 
minut active means for tha defenae of the organispa against pathogenic 
agents—phngooytosis, While observing the nutritional process ы 
авнаа, this seholar Eatissd that these very simple unicellular 
organisms on arriving in contact with n food particle emit pseudopodia 
that sarround it and, after enclosing 14, ғаға it. А vacuole forma 
about the particle thins ingested; & true digestion proceeds; at the end 
of a vuriahle period of time, according ba the nature of the particle, ib 
disappears А lange number of amoebas [md on bacterin ірі. 10, 
бра. 1-4). Тіс same process ša olaerved in other Рта. 

But our ews orgnnmum posesa white globules, called leucooyten, 
which, by their morphological characters, present analogues with ser- 
tain nonpathegenle ametbae. In the healiky human organiam, there 
аль £500,000 red bled corpuscles and 0,000 to 5,000 leucocytes to tle 
«ий milimeter. 

While obeerving tha bebavior ef tha leucocytes in tha presenee of 
microbes introduatd into the blond stream, Metehniko(f found that, 
like алповһап, the leucocytes emitted peeadopodia, engulfed the 
VEDI Micp— Tha мыны тағы, coder (bs үсээ! зэл "Ты rara of defer of dba or 
жанша, = m o immet ú балын НЫ py Жанаш La. oberg, Mi QT, 8,417 15, TOR, una bnı: гаргаа 
ky манайдаа pa саг isa, Бүрэн of ramsar Шы. li aldad Бур Ша шалт iFM BÍ ПИ ОБЕ 
rug kam ва |а EZ рагясон іш brome welders. 
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microbes, and digested them (pl 11,fgs. 1-1), Ha therefore gure them 
the name of ghagoeyter and tailed the phenomenon which he had just 

The phagocytes are endowed with motility and sensitiveness; 
they direct themelves with certainly to the focus of the microbes. 
Up to this time, science ша got been able to solve the mystery ni, 
how the phagooytes which are far from the point of intreduetion of the 
microbes аға informed of their arrival. All that la known, із that the 
phagoeytes move about (еу traverse 2 mm іп ва bour by means of 
their amoeboid movementa, aecordimg to the moving phaLnmiere- 
graphic readings), and they can ge өш from the blood capillaries 
(крад вату to slide between stationary cells, in their effort to reach 
the point. of infection, 

Two categories of phagocytes are described: The smalle, or 
miseéphages, мой the more voluminous ones, macrophages, Tt la the 
microphages especially that rush to the attack el invading mierhosa 
and absorb them. Thè macrophages intervene in the combat as the 
reanguari of the mierophnges; when ote of tha latter succumbs without 
having digested the absorbed mücrebes, the macrophage ерөн у 

Almont immadintely after the penetration of bacteria into a living 
organism, the malerophages rush to the point of infection (pl. 12, fig. 1) 
and commencs to engulf the intruders. A true battle takes place 
(fg. 2). ‘Tha reinforcements of phagocytes continue № congregate, 
and their number generally attains its maimam after 10 to 24 hours 
(Hg. 3), ‘The macrophages which arisa in the spleen, the lymphatic 
organs, and avin the eonneetiva tiaara arrive later, after 9 to 14 hours; 
they engulf the damaged cells amd the microphages that have rot 
vumbed, Á неше шасгорһаре ік capable of absorbing from 2 to 10 

crammed fall ef microbes, A polymerphonuclear Ни» 
eocy de (mii phage) Иені can аман ва many аа 20 mücrobinn spores. 

The attacking microbes on their part attempt resistance. Certain. 
com, such às the tetanus haeillus, secreta û toxim that romovm ог 
destroys the phagocytes; offers, by their prodigious multiplication 
overmensare the losses undergone; those which are armors with ù 
glutinous сараша (the pueunseenoema amd the tetrads, for example) 
or wüxike capsule (B. tuberculosis), ог (ose which have time to form 
spores (anthrax bacteria) resist the phagocyte aggression. They 
produce new generations of microbes among the phagocytes which 
ме already enfeebled snd thus infection spreads. 
` The phagocytin defense ір particularly active at the tonsil level, 
bechuse of the mucus of the digestive tubs nnd the Eba secretions 
of the digestive ayatam, at tha weakest points which аға іп contact 
with tha cocterior envirssimeat. 

It should be noted that there also өкім in several organs fixed ale- 
ments (пенала eella) sach as tbe Kupfer celle of the Ever and the 
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reticolocytes which are capable of destroying bacteria hy борш 
tham in the same fashion ва do the phagocyte. 

To Metehnikof belongs the great merit of bringing із light the 
үзе ef the phagocytes En the natural defense of the organiam, but 
contrary ta his opinion, this means of defense la mot the only one. 
It leterpretetion, which is too exclusive, raised numerous contradic- 
Hons, especially in Germany. It санаад a true scientific war of йй 
years, While Moeichnikoif and his pupils insisted that the principal 
factor of immunity is phagosyiosis which engulfs the micmbee amd 
digests them, Baumgarten, Ziegler, Ehrlich, Behring, Fleiller, and 
ethers insisted thet the principal factor of immunity reste іп iba 
bactericidal action of the humors and the blood of tha organism (the 
humeral theory}, 





Freud LaTi Үнийн pho A art, ET chalara гізін Hi Ша рэн хний pandai kama sl š Белі 
quiz plz. wi rirka, қамаса агч пты. ы Ты тінін Їл ыы 
Bug. 


ишик RAE, ТЕЙРЕ ЕШ 


Peiffer contributed by the following demonstrations the first 
experimental arguments supporting the humoral theory. 

Ш the peritoneal жалба ол of a guinea pig із oollacted а bill hour 
afiar an аниа af cholera vibrios have been injected into its peri- 
ionesm, these vibrios present their usual appearance; they are тее 
and independent of ench other. If a similar operation | mado on а 
guinea. pag which some time balers has received n nonmorial dose of 
the sume cholera vibrios, the vibrins become agglatinated, immobilized , 
having lost their form amd present a granular варым. Iti evident. 
that е blood варива of tha organism imimanized (n this caso probably 
тагала or artificially immunised} араа! the cholera bacillus hes 
ncquined the power to destroy the microbe of this infection. ‘This 
is the clamical phenomenon of bacteriolyes (fig. 3). 

Buchner, parsing these studisa, discovered natural hmemolyala. 
It some red biosi corpesches of the кінер are introduced ints serum 
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ої a rabbit, they are not diseclved; they sre deposited Ettla by Биа 
in the batter ef tha tuba: the liquid Boating on the surface bosognes 
бат amd colorless, Bat H рове same red blood corpuscles of the 
sheep am introduced into dog serum, they do not fall to the bottom 
of the tubo; they are destroyed, and the liquid becomes uniformly 
red amd tramalunant. Buchner attributed this haemolysis to n norm] 
soluble principle named aferin (Buchner) or cormpleewat (Ehrlich). 

Bordet has provoked artificially in the blood of the rabbit tha frma- 
tion of а haemolytic serum capable of dissolving the red blood сог- 

puseles of the sheep, Having made four injections of red blond сог- 
puscles of sheep into a rabbit, separatel by kutervals of B daya, ha 
determined that, 5 days after the last Injection, the rabbit serum had 
meauiped the Power of haemolysis of the corpusslea of tho bip: 
Bordet then demcntrated that haemolysis a specific, For example, 
the serum of а rabbit immunized with tha corpuseles of ú sheep dis- 
solva only the corpusches of the sheep; the serum of a rabbit im- 
suunised with the corpuscles of the hare Шива! тия caly the corpascles 
of the borsa, ate 

These experiznanis show that there can be created artificially В 
specific defense of the onganben, that із to say, directed not only ngaleot 
the bacteria but even арапа am alien call Bordet kia demonstrated 
also thet baemolysis results from the combined action of two ний» 
stances which be calle alim amd нэн ингї or amóosspier, 
While alexin is fragile and destroyed by beating at 557, tha ашпа ыа 
irisa ia Авйлуулд only by heating at 607-857. The first-named pre 
өзінің іп tha normal animal; the жаты, specific, ін lacking in the 
nominal animal Tt originates m the organism into which alien байв 
have been introdussd, 

Alexin, while being in priselple able to destroy an align cell, is in- 
тара іс of filling this rale by itself alema, becasaa it dom not have tha 
power із de во. The semsibilisatriee plays the role of intermediary, 
of mordant: it fixes іН on tbe alien cell nnd permiis ihe alexin № 
өлегсіне На отп destructive action, Alexin is a normal defensa 
prineiple thet is found in the blood of men ond animals. Capable 
of combating tha enemies invading the organism, without any dit- 
обрна, in particular the bacterial pathogens, it has to be aided by 
tha арагайа manabhiliambries. This 38 zeereted nutomatically bw ike 
gi coe eripi pr ет а Даат eit 

Те пагоне invasion of ав organism ether experimentally or by 
disease protakas in the arganiam the daboration of properties som- 
times dissolving, sometimes aggluiinsting, икпийшеа both. Басі 
ricbysis is specitio. The production of it can be determined екрегі- 
пин Лү hy tha Шеш айра of the animal with weak microbes. 

We have seen thet in Шыма experimenta Pfeiffer had determined the 
Euan bih and the grazular degenerwcy of the cholera vihrica in- 
jected into the peritoneum of an immvunized guinea nig. The same 
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рін was verified by other scholam for different microbes. 
Borde kaa shown that thea bacterial agglotinina resist heating at 
58° C, The agglutiniuns ате thus independent o£ alexin. It өнуін ba 
observed that the agglutinated microbes are got dead; gown on the 


іше media, they grow like normal microbes. 


"Tha organiar ғал thus defend Маа against the invading microbes 
‘by phagocytic action and by tho elaboration of proportlos such ав the 
semmibilisairices, baciezsolysins, вш шїї ша, precipskuma, eic, Those 
substances шау be unite] umder the term antibodies. Diber aspan- 
manis have proved that only the substances which mre of в protein 
nature, for example, those which are derived trom animals or planta 
(eslls, red bleed enrpisseles, milk, allirrnima, seruma, microbes, ефе) 
provoke this elaboration of the antibodies, АЙ tha eobatance capable 
of ingling the formation of Ghee amtibediss are grouped under the 
term antigena, 


DBACTERDOPFILAGE 


There exists another principle of defensa, шунан Бараа it 
ташаа sealed against our natural means of microscopes investigation 


| = because agreement cannot be reached regarding its mature: It is 


атыр ара. 

p аа ы саса пор ки TE орала. 
The iris prins на са I term Peder peepee (зан or нал нари ін 
а Бань Chat ий ра AB the érparas of tha апгьаНааа of Балана, каран iz 
хумин цана id Gala laqla, which ін ікісінікір сай «айна bs series, іп тісіне, iu 

isa füterahle farm. | 

Thelbaeterinphage is eultivnhla Ний the microbes but it only de- 
velops аб the expemao of living Ето ея, Gown in ñ cultura of 
microbe, it proroka the clearing up of the cultures in liquid media 
and tha formation of clear expanses in the cultures on solid media, 
phenomena that prove ita power of bacterial destruction. 

Ita bactericidal action is manifested on a great nrmbor of microbes, 
For example, the Shige dysentery їг Шин, gührnit£ed в 37" during 
threw=quarters of an hour to thn action of the bacteriophage, shows й 
bad color; at the emd of ав hour of action, there mar be found only 
gramulatiems, residua of the mierobian action, Айар 10 houra thes 
granulatioms disappear amd the bouillon becomes completely clear. 

According to D'Herelle, the presence of the bacteriophage im tha 
üfgáni&m із manifested capesaly at tha moment of convalesconee. 
Ti resists heating at 75^ and can be conserved іп active cultare for а 
long time, I> НегеЙо considers it am uliramicroscopéc organis ape 
ee тек ee In other words, the 

bacterlophape bas the relation tà the microbes that the microbes have 
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Certain scholars share the views of D'Harella; om the contrary, 
Bozdet and others believe that the bacteriophage in reality is only a 
property mequired by the microbe Їнэ, a nutriisve viliation which 
sues frons the hereditary lytic principle. Ho hes advanced weighty 
argumenta in favor of this interpretation. m 


AMIENS AXD CEYITÜTOXIXE 


which the microbes la the agent; they ғап cause death. Injected in 
amall Шама, they влива the production by the organism of specific 
antibodies which are called amtitemins. 

Н. Vinceat discovered that certain fatty acida im combination with 
alkalies һата the remarkable property of neutralising the moat active 
that when some traces of these boli nra added to micrakian texina 
of diphtheria baelilus, Clatridium fetami, dysentery bacillus, colibscillus, 
Cloriridium. cedematis maligni, ato, they neutralise their pathogenic 
action after a contact of from жола huara ka 4 days, на arpa hara of 
38 to 397, according to bê naire of the substance and that of the боліп. 
The animals сая gapport toxins thus treated up to doses of 500 te 
1,000 times greater than one mortal dosa not treated. At the same 
аге not entirely destroyed. They subsist in direct combination with 
the micelle of the mape adsorbed by them. Ш some ncd ін added 
to the ігікпия безіп that has bean treated and become ineetive for 
the animal, and when this mixture is immrdistely injected, the 
animal hoa ініміз Іа а secondary weaker form. The toxin has thas 
been simply immobilized, dixzuised in the complex toxin soap. Fro- 
tremor Vincent has given to toxins im this state the name of сгурын 
taxina 


If, to the neutralised toxin, there ін added, 4 or 5 days later, ono- 
fourth or опо Ња cubic centimeter of fresh toxin, the mixture dots 
not becomes boxe, which proves that the pure toxin has been neutzal- 
ized biologically by an available surplus of the chemical antibodies. 
It is evident that this surplus is detached from the molecules of 
eryptatexins to then бх Шә on the micelle of fresh toxin, beeñuse 
of the law of maletular attraction. 

These researches have led this scholar, because of the similarity of 
mode af action of the antitoxins with that of the eryptotoxie agents, 
io formulate n theory ef the general болин айв of tha antibodies 
founded on the lows of physical chemistry and of molecular attraction, 


m 


E= 
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ij A diagram (fig. 4) synthesimes this theory of the constitution of 
Ч, tha antibodies T representa the toxin amd A the antibody. 


Tha 
initial noebeus ТА, neutral авд Їргайхн Ын from the antitoxic, be- 
‘comes the center of attraction for the other [ree molecule of tha 
toxin Г The whole (TA) + АА... асаана 
Ё- -an ascexaclation of antitaxka energy capable of nantnaliaing, thanks 
i to thú excess ol A’, А”, AS... the pew tonc сарса T", Tr, 
г”... with which it comes dn contact, Ji la to this suporsatura- 
lion that thé fact should be ай нг that the emam of am immu- 
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nized animal returns in antibodies to the ли гора, that which this 
animal hos received in antigens, Шил is to вау in toxins (рена, 
ж &ebanus, біп). This theory gives, according to Prof, Н. Vincent, Ube 
interpretation of ihe therapeutie affects of the serums ns well ва the 
meatralizing action im vitro. Ji їнэ гары bt рова without saying, 
the production of immunity in sick people. 
CONCZUBIZT 
Teak аа there have been chjestíona directed прш. phagocytoss 
being considered as the unique process for the defense of the ergna- 
bun, im the same manner, objections can be made te the theory af 
antibodion being esmaidamad xa the explanation of all immunity. In 
F affect, if the multiplication of the microbe ін very rapid, if this microbe 


мым 
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ia bpo virulent, the erganism does nob have tima to product anti- 
bodies and it sacsumba, 
The existence of the ack person із the stake im the batile between 
the pathogenic mücrobe and the natural defensive elements (alexin^- 
er the зуге dalesarve Hemanta of tha infected organisms (phego- 
стіне, bacterial antibodies, specific antitexins, bacteriolysins, ete.) 
Howerer, ш a war, all the Бава of defense or attack should cooperate 
aecordimg te the plan of the whale, (ee ean suppose that it is the 
aame for the ompanism when the antibodies serve ва auxiliary to the 
normal alexin to determine the destruction of the patbogenic microbes, 
while the uniitoxims neutralise the mácrobian prisons Tha rele of 
ptt реке eg Apart xar a a АЕ 
TD digesting) of the microbes thas attenuated or destroyed ; 
сыз alo destroy by themselves alone cortain pathogemie 


шүлэг ла рада, either шид 
or acquired, is often determined by the general condition of the 
organism. Hygiene, healthy living, fresh air, physical exerezse coi- 
tribute ta ike wirangihening of this вое. On the contrary, lack af 
hygiene, alooholiam, exces, in а word, everything which causes the 
weakening of the organsem, ondarmines the resistances and enntributea 
ty the vietory of our enemies, the microbes. 

Finally, іп comelusion, let os recall that bacteriological science has 
discovered ailes for relaforcing, by vaccination, by serctharapy, ог 
by the introduction of various diverse chemical gabetances, the 
matural relance agent a certain umber of patbogenio agents. 
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Ву ednan BS Moraaa 
Зао Шаан 


[Wah š рше] 
INTRODDOTIOS 


Since time imnsemnorial mam has enjoyed looking backward, but it 
im paly within the last cemtury that the researches of the өзімді 
and paleontologist have allowed him to see the earth aa it was before 
be himself existed. Nowadays the strange createres that peopled the 
past even appear іш the Sunday supplements amd the cinema, and 
the fact that what ša now Агт Ішкі may bavo been under the sea is 
commen knowledge, To the student of plant and animal distribu- | 
Hon, or bi ‚ the long-gone рані ša of particular interest. 
Wo know that many living things could pot be found where thoy aro 
if the land and sem had always been exactly ва thoy exist today, and 
only a study of paleogeography, or the geography ol ascient Нина, 
will enable ua to understand bew planta and animals moved about 
over the face of the earth and reached the places whare we now find 


Students of beth phytogeegraphy, or plant distribution, end soc- 
geography, or animal distribution, must depend largely on the gerlo- 
ріні to tell them how the land and mes were bounded in the past, 


шад bus often thay ean мір the geologist in this very matter. Studios of 
the relationships of living things, both receni and fossil, frequently 
point out that two islands or continents must Бате been connected 
by dry land at a certain geological tima, for example the connection 
ef Arakan with Siberia seroma Bering Strait. Im the same тау tho 
close relationship or ideatliy of various species of fishes amd mier 
marina animals on the Pacific and Atlantic coasta of Panama show 
that the two oceans were once connected over what is now the isthenus, 
and si no very distant period, geslogioslly speaking. In fact, the 
geologist offen depends to à considerable extent on the fossil remains 


Em | 


el omesliving oreatures for information about his rock formations, 
their age and the «Шәміс amd other conditions under which they 


Tu 


И 
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were deposited, ав well нь for hints aa to probable land and sea eon- 
paniya in tha past. Béiogeographical studim, then, interlocked ав 
they are with geology and paleontology, есейгіме to two different 
ы prep e e a an тав thangs evolved and 
and seeandarilw to a better Науч Ер of the changes 

of land and sen areas and of climate during geological time, | 4 

For many reasons, biogeographical problema are E ioe 
sive, although orena walters here basa dow іс гийн Би ВБИ: 
Tha сайн! distributional researches of Darwin, Wallace, and their 
conteenporazes threw ë bright light om subjects that had been little 
thought about, and many of thair followers lost sight of the fast that 
the moat ал али the Grat resulta were drawn from these inslances in 
which plain evidence was lying fallow to produce richly for those first 
in the Geld. Year by year the literature of bàngsography grows, ond 
аа тай! new stores nf precise facts pile up, problema that formerly 
seemed simple biome lecreasingly difficult to salve. — Indeed, it is 

apparent that tha data of the scione are already too vast for any 
ғын person м ра. в even im relatively circumscribed problema, 
ef today are of necessity narrower specialists 
“нг кроя жылдық tati e large amd growing body of Їнэ 
in his own specialty to master azul less tima to acquire the geological 
backzreund and knowledge of the tarata of other fields that would 
nabla bim bo aee distributional problema in trus perepective. It 
would seem that general baogeographical resclts of lasting value can 
reached nowadays only through the соорєгвМоп of в group of 


T 


biological, ecological, paleontological, and geological fact. 
EOOGEOOGRAPHIOAT, PROBLEMS OF THE АМЕВТСАН 
Biogeographical problems nra legion, ranging from questions of ent. 


few of tha broader рети of the animal geography of North and 
Бош Anserica. 

Üenerslly speaking, zoogeographera, Eka Gaul, are divided into 
three parta—those who baild bebdges, thosa who do mot, and the pro- 
ponenta of continental drift. To begin with the last first, it may be 
explained that Wegener and Біз followers believe that all the canti- 
тетін once formed a mare ағ less compact land mass floating upon the 
deeper, heavier rocks of the earth's crust, and that sundry pieces of 
Вла lend пааяа broke off [тега time bo timó and drifted away to form 
what we nw call Australia, the Americas, and Africa. — Deapüta tha 
fulminations of thom opposed to this theory, there ia a considerable 
body of weighty evidence in furor of it, and 1 for ome, should not ba 
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warptised to sec it finally prevall However, there із just ав weighty 
authority ngsinaL it, and шага tha fishes might ba construed аж favoring 
x sithar side of the argument, I shall not now consider it 
™ The bridge builders ыз those zoogeographers whe are prone to 
| хэл! сол îîî bl consectiona, which they bellows existed in 
қ hat is now the deep mea, in order із provida bridges over which tho 

1 fnunes could march to destinations to which they obviously got 
"amehow, Tho more radical of this school frequently sink (іш theory) 
whole halves or quarters of continents to the deep sea and raise That 
areas of оссап bottom into mew continents to explain thelr ideas of 
how ling things evolved and migrated. Linfartunately, there is 
little geological evidence for the more bewitching of these schemes, 
and zocgeographbera ane coming фо depend on them lees and les. To 
my mind, the moat sensihle of thes “bridges! nre the narrow and not 
at all аатор "isthmian links" of Willis (1932) and Gchuchert (19325; 
they have the usique backing of what appears to be sound geological 
and bathymetric support, and in sddition, some ef them nra stiB in 
existence eilbér aa true continental connections (Panama) or chains 
of лийн (West: Тоа). 

Those who do not build hridgea are tha зоороо талын who, sinan 
tha tima of Wallace, have held волу and perhapa a little to» tens- 
ciously to the theory of the "permanence of the ocean basins," ‘They 
do build bridges, but very modat emas. They bold that, by and 
атре, the only areas that have ever been dry lamd are Шинэ either 
now dry ora part of the continental shelves, that parta of continezts 
have been Hooded bui newer deeply, that no major portion of the really 
deep-sea bottom Бал ever bean upcaised inte dry land, and that the 
ытай land bridges they postalate сап account for all the migrations 
of land animals that Вата occurred. It must be admitted that this 
schoo! has bean the most сала оная in examining the available evidence 
and the most erudite in its researches; of lato years it baa also been 
the most 55 necked in considering contrary opinion. Пя foremost 
recent exponent has been the lata W. D. Matthew, whose Clizaate and. 
Evolution (1815) has bed в profound and overwhelming effect on 
nearly all recent American vertebrate ssogengraphers, and bat litte 
оа anybody аја. There № по doubt, bowever, that Matthews 
тіптен deserve tha most careful consideration, end it i» unfortusate 
that be did nat live tò write the proposed enlarged and revised edition 
of his work." 

Matthews thesis was, briefly, that "aecular climatic change has 
been an important factor in the évolatisn af land vertebrates and tho 
principal known бапан of their present distribution” amd that, in 
later geological epochs, most continental groupe of animals have origi- 
nated in the great northern land miss of Ёагама and North America 


i For which g bal gu Thre Шш Юй ГОЁ гэл bole meld. 
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(the Holarctio region) and migrated outward, radially, into South 
American, Аса, and the Indo-Australian region. On û globe, or a 
north-polar projection nf the world, such evolution and migration i 
easy to visualsse; Eurasia and North America, which have frequently. = 
been connected, form а preponderating land unit, from which the 
ether continents radiata. Î think no serious zoogeographer бап dis- 
agree radically with Matthew's view that secular climatic change han... 
hed an enormous effect on animal distribution, but it is questionable: 
that ¿limata has directly infloaneed evolution іеі In regard із 
his pestulation of а northern origin of the fumes of South Amarica 
and other southern continents, howerer, 14 ahold bs abserred that 
won Ieri (1907), Eigenmann (1000), amd other eminent men have 
cone Eo a directly opposed conclosion, which emphnszes the relation= 
ahipa of certain Africum and South Amerienn animals that they believe 
did not originale im the morth, amd which, therefore, would demand 
some sort of South Atlantis land bridge to aecyunt for their evident 
enmenunity of origin. The necemity Гог в South Atlantic bridge his 
alan been strongly мітсгаймі by so eminent am authority ns Hegan 
(1922), whom thoroaghly sound data on the ostariophysan fishes ага 
of the greatest. importance, 

In rwwiewing Шә distribution of Amerienun continental fauraa in 
eonmection with sema табыз! studim of Weat Indinn froah-watar 
fishes, I Бата been struck with the amount of misinformation that 
passes ва acund ichthyological evidence among soogengraphera, Part 
ef ihia ia the fwalt of the iehthyologista themselves. Хэдэн 
distribution write by competent ichthyologista and based on 
modern palecmiekegieal and bhchthyological dala are scarce, amd the 
distribuliceal information in ізгі real general textbooks on fishes 
(Kyle, MacFarlane) із scarcely to be relied on, On the other hand, 
the recent dependable papers that do exist have been neglected by 
meet students of soópeography. I Вата come вагова no modern 
paper ihat summarize the broader geographical тарья of the fresk- 
water fishes of North and South America, and, in the belief that such 
may be of some general interest, I ahall attempt to supply thie want 
іа vary briaf form, At tha mma tima Г ahall apaak about sama af 
the implications of fresl-waeter Шаһ distribution іп the controversial 
question of Wesk Indian palengeography, but, in compliance with my 
Шинэ that Шогоргар ла! probleme const be solved on the evidence 
N maiaa I salle a a a 
to ви. 


WHAT ARE FEERH-WATER FISHEST 


‘The importance of freshwater fishes to students of geographical dis- 
tribution арда primarily on tere facia, Firedly, certain faris of 
fishes posssas ап ancient physioigionl inability to survive in salt ава 


Шыған kd ыы ded Lue Быны ki" noe 


FRESIL-WATEH ГІННЕЗ--МТЕН5 заа 


| water, which binds иша е the lasd na securely ns aay known animals 

L Secondly, on the land, they are insscapabiy confined to ther own 

particular drainage systems ood сап migrate from one isolated stream 

^". basin to the next only through the slow physiographical change of 

"n Ше land itself (stream сарёагс, ote.) "Throughout the world the 

"T prntbsma of fresh-water Байна over extensive continental пгевя have 

J —ueenerally been excessively slower than those of almost amy eresturo 

“that can creep, crawl, walk, or Hy, however closely thal creature 

máy hare bean bownd by ita ecological tolerances. This iè exception- 

ally well illustrated by Central Amerika, where the interpenelr&tion 

ef North and South American fauzaa hia proceeded in many groups 

practically tò the limit of climatic tolerance, but where mo truly 

Neotropical (South American) fresh-water fish bea guiten farther 

norih than Texas or New Mexico, and none traly Nearctic (North 
Amerncan) farther Бот than Nicaragua. 

There are, of course, exceptional methods by which fishes may be 
transported, "Rains of Éshes" are sufficiently well known and 
Бий налсан ёо male iL саг айн that eyelonie winds, in pasang aver 
bodies of water, sometimes pick wp small fishes and deposit them ай а 
distance, still olive. IE ie possible, too, Ши а fish eagle or gull might 
drop оғ disgorge alive a newly caught fish aMer having салтаа 14 over 
ñ. divide between two distinet river systems. But the frequently 
mide siadement that the eggs of fishes nre dispersed by adhering to 
the fret of wading binds in Жы shoeld ecase to trouble zcogeograplera; 
wach à method ef traneportetion ін possible, but ална! no fish ария 
аге sufficiently resistant 0 sarvive drying in the nir more than & very 
fow mivat, The main fact to keep іш mised із that Баһ distribution 
is much mare regular and underitasdahle than it would ba if these 
emesua] methode of transportation were of much importance, 

Оте fact that some zoogeographers who have dealt wath Байна have 
meglectod із that tha Өзіне to which the adjective "fresh-wnter" із 
applied differ widely im the extent of thair tolerance of БАЛ water, 
There aro freshwater ініне which never swim into salí уғабат, some 

- which occasisnallg dò but ean arrive it only for n short period, some 
which habitually frequent eateries and other brackish waters and 
frequently enter tho sta, amd some which migrate back and forth 
between river and ees «ог continually or periodically, It is plainly 
evident that в fh which can swim through sen water from one river 
math to another is not of much use іп atudion of terrestrial #0- 


The only fresh-water fishes that peed especially concern us аб 
présent arè these of the first two of the cabegories I have just men- 
tioned. Тінее two categories I shall distinguish аа йа. primery dirii 
whose members ага vary strietly confined to fresh water, and a recond 
ary dirision whose members are generally restricted to fresh water 
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but oceazionally enter the sea. voluntarily for short регіода, Tho 
oiber groups not specifically placed іп divisions grade off into wholly 
manne Тагтаа, Finally, there аго à number of арьсаа and genera of 
paliwalar familie that hare taken up more or leas permanent resi- "d 
dence in ітееһ water. Мезі of them return to the aes to spawn. : 


THE GROUPS OF FRESH-WATEB FISHES Pe 


‘The [real-watar fala of the primary and secondary divisioga teed 
to group thumasless ет natural family lines. In other words, all оғ 
nearly all specie of one Ташу шаа Пу chow à Баг tolerance to salt 
water, “This, together with the fossil erifesca nvallabls, bads ús to 
believe that most of the famiEes of the primary division have carried 
down their physiological inability to survive in the sea, ns family 
character, from early tines and probably eines the origin ûl the groupa 
пенен! | 


Tika freshwater Saher of the ргісығу diction ага of divursa ralathon- 
ihia among fishes generally, A few of ihesa аға агаа], relict groupes 
of primitive organisation, such іш the ілге living бапа of lung 
fishes (Cerstodontidan, with one surviving species іп Australia, azul 
Lepidəsizanidaa, with ihres surviving species of the genus Pralogpterus 
im Afrira and one of the репы Lepüfosiren in South America) Of 
simular relict distribution are the (wo living genera of the primitive 

| Prephurus in the Yangtes River in Chins and Potyedon 


thun авв primitive families, and belong to the уна! | екініш of 
benr fishes, ог Telecwiei, and this is irae of ike freeh-water Ён  ея aa 
well. "The lowest order of teleosts is thag of the herringtike fishes 
Сахы раа i) and їн it зїг several Dumilióa of my primary freah- 
water division; among them the hiodonta or mooneycea of the Miissi- 
aippi; the strange phreetolaensids, равїни авла, knerisda! asd mermy- 
гийн ef Africa: und the ancient ostaoghloanús, which were probably 
well-nigh comopolitan ів Eocene fresh waters 

Мага thas half of the tres fresh-water Sabes of the world belong io 
a single order, the Ostariophysi" distinguished from the herrings by 
ihe peculiar chain of Weborian ossicles connecting the air-hladder with 
Та ың a Feld iei Dé: Dj мн 

wi Юан СТК. А ша Hate, сыра, wine галаа син exter Ыы ЫА water іш ва сво, 
lat psa dà iniusto Бы ЫМ Ша EFF LE. Ea на ЭГ шинж бада бен ayau; ыйын мы Lund ê "Тш 


жант manila ob wk kah 1 эсэх ia iba para шала kabrasasia, wed, Тыс. 2. СЬ, арай Па бын سط شا‎ 
only ibas Їл ibe арыг нм pÉ ёс ага Papas. 
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the auditory apparates. Тһе ostariephysans are primarily а [resh= 
water order end meast havo been since their pre-Eoceno origin; out 
x, of nearly 80 families and 4,500 or more species of them only 2 special 
"гей families (the өтімі nnd plotostd сай айгаа), comprising not over 150 
. — apecies, are marina, and these beyond reasonable doubt are descended 
^. ғып ancient fresh-water ancestors To the Ostariophysi belong the 
bordes of carps or minnews, suckers, ЮмсЫев, characiza, gymnotid 
dela, and bewhiskered catfshea that swarm throughout the rivers and 
lakes of ай tha continents except Australia, The only fresh-water 
Qetastophrsl of Australia and Madagascar ara ard and plotosid 

авс аа that have теіптіміні iba rivers from the sea." 

The remaining fresh-water groupe of the primary division are quickly 
enumemiod. "Tha rather herringlike order Haplomi contains the 
pikes or pickerela, tha mull med minnows, and а Alaskan and 
Siberian blackfish. To soma exten’ transitional from the foregoing, 
more primitive, bony fishes to the mors highly developed, spiny- 
myad types, are the strange percopsids and pirate perchi of North 
American. Of the cyprinedonta I consider thas only ome family, the 
North American cave fishes, belongs to tha primary division. Of the 
fully developed, perehlike groups we have iba North American Fim- 
Ésles or basses, the true perches of North America and Багана, and 
the tropical nandids. Ending the series are the Old World tropical 
labyrinth fakes and the isolated өршу-бай, 

The secondary division af frest-water faker is composed of (адаса 
which, im general, behave like trus fresh-water Bahan, but whose 
members show a less sharp restriction to fresh water. Among ihe 
more important of them аге ihe North Americam garpikes, the ёув- 
branchid sola, the cichlids, and the various families of topminnows от 
eyprinodonta, Gurpikes аға known to eater the soa along the Gulf of 
Метісо const. Most cichlids сап survivé several bours or days in the 
аға, ABÛ one species of Tapia, collected in brackish water in Moram- 
bique, has been kept for months in sea water nt the New York Aquar- 
ium. Many cyprinodonts do not mem to be inconrenkeeced greatly 
by saltwater, MolMeninis шірізпа eaters the da freely amd терін 
in brine ponds about Manila Bay, whore it was accidentally introduced. 
Mstzelaar reported йш from tide pools om Curagao, and certain 
species of Раље and Cyprinodon live permanently on the seacoast 
beyond reach of гапам, Tha Challenoer өтеп caught a Fundulus 
іп a mid-Atlantic pelagie haal! [tis evident that many species of this 
secondary group might easily servive a short яға journey. This im 
barna ost by distributional fact. It is ошу members of the acondary 
“Tit маха probeble Ghd Kis apa Haurbon ditb Lama, clo із мийн Бохь Анадан 
jS Pr, eed r re aa kel Їл рт fe 
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group that have grecended im ernssëng to the east af Пасата Line û 
in the Fast Indica, and in reaching Мадараасаг." 

After this second group come а влизсояяной of Раса өв od cafadromous 
of etadromcna fishes snch aa the fresh-water sala, the salmon and trout, -” 
the stungecea, the гаалийн amd the aplochibonida, and other which, 
for one reason or another, eater the sea freely and are in most cases mot, | 
“l wes la indie of the distribution of freshwater fabae Lastly we 

find primarily marine families Buch as the sharks, herrings, gray 
шін, ава basses, and дов, a few of whose members have invaded 
the rivera and sometimes developed inta purely freah-watar өресіне, 


THE FHESE-WATER FISH FAUNAB OF THE AMERICAS 
|, БЕЯГТАЛТОН ТО ТЕВЛЛАНТ 


In the mammals the history of masy of the modem erdara hea 
been traced back to their very different Eocene nnceatora and considers 
thle has been dome in connecting theses up with Mesozoic forme, Tho 
atary of thn continental shes ia тағу different. Tha Ostariophysi, аз 
well ва nearly all other groups of fresh-water bony fishes, are known 
only ва far heck as the early Tertiary, amd the few known Eocene 
Гаваа usually turm out ta belong te still living genera ez their very 
«сай relatives, Dt would mem that the avalution, from very primitive 
types inio practically modem forma, of à whole series of the major 
тешр of fresh-water (and maring) bony fishes occurred between the 
emd of the Cretacooas and the earlier Eocene, What little we know of 
Paleocena fishes Ея mostly from manno deposits, and the dorivation 
and evaluticnarr linea of the Ostariaphysi and most other freah-watar 
grosps remains а closed book. The locating of вану Eocens and 
Paleoceno fresh-water beds and the working out of the history of tha 
fishes remains one of the greatest. untouehad рғаМаған in vertebrate 
paleontology, amd ome in which Americam paleontologists, nt Ман, 
have taken strangely amall interest. Di ia evident that wo can draw 
по definite conclusions rwrarding pre-Tertlary geography from ив 
fresh-water bony баһа, amd but litle about post«Mgaozaic from suelh 
primitive relicta аж the langfishes and bschirs. 


2. HORTE АМЕНІСА 


The greater part of the Tertiary and resent freeh-water fish fauna of 
North America is divisible into two sections, Tho first forma the old, 
endembe fauna composed of ра еба, parpikes, bowüns, gaito- 
Glossics, s wockers, ammeiuri] oatlishes, primitive eyprinodomts, and 
“Заа els Iba û нама ul Hs اط‎ Дан تادا‎ pacis [А ненен] кы of Ғайыа Lisa 
Ва (Esa ks imam илнэ... вана ты жышын peche] bod im m Fond Баз. Ан бы capud, ваф 


Varibar zn. 
"ттр, Цв баг [agii Аа Ы тсс ü [ba нэл ма cari Dadan чага таа а ав ін свийн кай] 
Е іу ваа. тан аба Beppe apo Make 
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үїгайа-рогсыа. АШ of thema are known to hare been present in the 
Урата Бота and all arriva ін North America today save the 
csteogiomids and primitive eyprinodonta; the Inst аге probably 
-. represented by the existing cave fishes, The paddla£skea are recorded 
fron the English Chalk and now exist in China; the bowfins are ая old 
из the Jurassic and are found in the Mesnzoic rocks of Europe, Brasil, 
ind North America; amd the garpikes occur in the Cretaceous of 
Europe and the Lameta beds of India. АП three grespa are too old 
to enter decisively into our discumlon of the Tertiary fishes. The 
suckers аге found im the Eocene of Wyoming, amd Hosaka! (1933) 
has reported isolated gill covers from tha Eaóana of Mongolia; аға ia 
one specinlkzed genes mow living in China and cos North American 
species baa invaded Siberia, probably recently. The ameaurid cat- 
fishes are represented іп tha Green River Eocere by Пааа and 
appear to bes parely North American group related to the Old Wend 
bagride® А supposed living Aslatle species based on a Chinese paint- 
ing ia almost certainly mythical, Te tha old section probably belong 
the North American sunfishes or basses,’ and the peculiar percopsida, 
the geological history of which is nearly er quita unknown. The bulk 
of the North American freab-water Баһ fauna of today ia made up af 
the members of the carp or minnow family, Fossil carpa are unknown 
in North America until the Miocene, at which time the family evidently 
arrived from Eurasia to form the second or younger section of the 
fauna. This invasion was made up entirely of the second moat ргіші- 
tivo (Leuciscinne) of the three great өзге! Бен of Cyprinidae (Rogen, 
1823). Lack of clear paleontological evidences dora not allow ав to suy 
whether or pot the Eurasion-American true porches are autochthonous 
North Americans, Genera supposed to be perches аға recorded from 
beth the American and European Eocene. If Voigt (1904) and 
Berg (1880) are correct in associating the short-jawed middle Eocene 
Райасовгах with the pikes and mod minnows, the order Haplomi 
probably originated іп Asia and may have invaded America with tha 
сатра, “The mud minnows, unknown as fossils, have two persa and 
three American species. The pikes have several North Americam 
specios “and have axiated in Eurasia at least from the Oligocene bo the 
present, 

5 Бараа HEBR. ханы СН recorte йа Fea ıi Бан fru iba Бен of БО saksa. ГГ mn 
ہے‎ cio шамалар Lala] Н. ЧЬь їйл ipsum Ea Brip ее 
Hinga ЛЫН ҙарағ яны юан, Ёс АН-ыг 1907) наа Әмет іі a mana Braga ыл ашыры! Тар Рева. 
Hen їз Alaska. Lam 18: ssh Hallarn isə iba танина Шз ғо айл ab- ması hi 
кали rez reino nay] БН тіре Sli coe, of w kisa рег жа dime pris ta тиін рона e 
пыр. IP Tena САНІ H өчив гентэй Frac ін Нэн р, Ela Ban bam ванны іш оог 
лыгын S ros The Y rara 

лө un [Би үгэн portum 1 Leche Ui Шы Тиынды Ты раста reich Yanga бев dikere by 
бин la чанга ask saqtaq. TES лығын шөл harian аки 
"8 harê таайын à large агт үй Кг gpa or E mamele ныш a Pilton ГРЫ талаа. 
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Ë. BOCTH AMERIGA (АМБ АРЕНА 


In Seath Amoria wo have n very different picture." The known 
fossil record is ко fragreestery ая La be of mo particular importance, 
but ibê living fishes are éxosedinply isatructiva, Of tha living insa 
freshwater fishes of Башы America, nol a single species, penus, or 


Pdl 


family із identical with truly North American groups. In feet tha. 


Bauh American ава shew greater dissimilarity to Шина of Noah 
America than they da to Шина of any continent except Australia, 
which has no fredh-water Шэнэ. ai all of my primary division sare 
for one lungfish and спа 
Certain apparent similarities are al once disposed of. The primitiva 
bony Éahea of the family Oetengloasides, which appear to have become 
екпе in North Атаа in the Еххчлэб, exist today im South Алпёгеж, 
But they also exist in Africa, tha Malay Archipelago, and Australia, 
eas oa mame ae nan er uai aile li vir tuae 
loses amy great aignifeamea in Tertiary zoopeography. — Single species 
ef the South American characins and cichlids have reached Terns, 
hut іп each case the migrant is a generalized, aggressive fish, the 
resent migration path of which is clearly evident. The eyprinadonta 
form a different type. Tha viviparous cyprincdonta of the family 
за кш trom Delaware, Шог, and Arizona to 


Tha ovipareus opprinodonta of the f Crprinedostilae 
occur from central North America to Argentine, but it has 
Hay bora shira jus, ИЕП ШЫ АКЫШ бух American 
tièra ате closely related to АНЗсан rather thas to North American 
forma.” АХ amy rate, all the cyprinodents exeapt the North American 
сате fishes belong іс the secondary class of [resh-walez fishes. 
Eeuth America ia the nchel of all the continents m freeh-walar 
sha enero лыны ғы ER 
Five falis of characins are found of which only ome, the 
penaralised, ia shared with any other continent (Afra). Thera nro 
11 families of catfisbes, ma well ms (he gymootid sela, nona of which 
ага found anywhere else save for а low aggressive migranta which 
HT penbe, dapscperuca, Гигь сал dazu Ы Bot Reb тығы Dui тыл пышы сммогийлр, ња 


жылата Ер tha lara pay, pirên, нэ! сыйымен H Lb Кет Тема езі Best Lerten, und EN 
йш ш айдыр аш аланты or kan ні ван БИЕНИЙГЭЭ, w kich Idoso (kink Erpamikla бар вар ызы 


талы яра. 
= EEE a ін RÛSA келе Гу (reete анам qË onibar: Мэн Алығба алый the iis Pan, 
‚тени ін kar "rem The Tertiary H ьа ва. “TE mile гавал aj Liam ere 
СТ i rrkraen. 
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have pushed up into Central America. The only other South 
American üresh-water баһа of the primary elama are the lungfmshea 
(one species)" and the nandids (two genera and two specim).* 

(M the secondary class of fresh-water Gabo, tha meet nemérous 
in Жаа Amèrica are the cenda; the genera aem to ba more divers 
thám the African ones, though the number of species із simalber. Tho 
eyprinodents have already been сао. | 

In order that tha reader may appreciate the evident relationship 
with Арга displayed by many South American fishes, it іл necessary 
to add a few words ou the Ethiopian fish fauma. This is definitely 
composed of two mein elements, ond à group of primitiva анд un- 
doshtedly ancient fish families that are cnknown cataldo Africa elther 
fossil or recent and that Ба all Ukelibood evolved there, and а pre- 
ponderniting fauna of migranta which reached and fooded tha conti- 
кезігіп later times. To the old group belong the Бх га, pantedenta, 
plractolagmids, ішегінде and moreayrids. Undoubtedly existing 
there wilh then were the abd ubiquitens natenglnemide, which шағ 
have given risa ta the pentodonta and of which a single species аш 
persisia today, ‘To the later invader belong tha teeming present-day 
Adricam charseina fof two Ғыл Шы, бењ bel in eormman with South 
Americn), cichlids, labyrinth fishes, carps, and ostala салба, ‘The 
carpa undoubtedly arrived only in the middle or Inte ‘Tertiary from 
козата Asia: their many epecies have mostly not yet become gemar 
beally distinet from their Asiatic relatives, The charsckus amd mist 
of the сал ана were етсе мейір presant In Africa before the arrival 
of the carps, Paene of the familles af catfüshes (elssirin catfiskes, 
mochokids, and amphiliids) and one of eharaeins (citharinids) prt- 
ably evolved there, the latter certainly owt of the Charatidas. Tha 
Charackdae, cichlids, nandida, rivaline eyprincdonts, lungfishes, and 
eabeoghossids are held in common with Srath America, but it bee 
already been moted that the last-mentioned family ix probably of no 
great impeorbanee in thia snmection, and the sume la possibly true of 
the langiahes, It is of especial hmportanee to nata that по! опо of 
five primitive, autechthonous, African fanslliss, that were in all prab- 
ability in Africa before the characina, «Мя, and carpa, нге held in 
ammon with Saath America. 

ii faphiesera, Ты dy ater тты reis аг Lalla iê ac Ua Сына Praspürus ай Аша. 
The Arias Мете айы la ғала maran 

i Pavpormrup ama Дейн us боны piei ka Цэн Migsslun Petia died 138 Ївдыл Хашаа, 
Яа [riie Байы h rey ішініз нэл рабайт phos bras а жаралы TIT. iu Ы зба ut ыйыт 
sete er terris s таса ВЛ of tha pere ҮСЭН анны with larva] йл, «ай 
мн Байна нәшпегіс of karl] ганц анар, Ë isa ss рэн тэргэн (Сынығы ін doznd то ba көте 
мы bot a apr Каны. 
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The Central American Баһ. Тал is a sizamge mixture of North ава 
South American types.” Of the purely North Amverican Éshes, the 
pgurpüces have pone farthest кешір, havimg reached Lake Nicnrngua, 
nnd their invasion was likely a fairly old ene. The нгийн байга 
and tha gsekera have gotten ая баг as (iuntemn]n, the carpe to central 
Матіко, amd tha perches and &unfishes only to northern Mexica. Of 
the South American families, tha loricariid, astroblepid, cellichthyid, 
and pygidiid catfshes, nnd four of the five families of Neotropicnl 
characins have gotten only a alight hold in Panama and Costa Rica, 
The gyinmotid sels range north $ Guatemala, the pimolodid eatGahes 
to southern Merio and Yuentan, the cichlids to Тохва ард the fifth 
family of cheracing tà New Maid. Mene of these northern or 
author invaders save the cichlids has produced many startling 
endemic forme in Central America. The genera nro few in number, 
almost all idemtien! with thoas in North or South America, and rep- 
resent merely a few of the most aggresive frontiersmen of dnmirant 
families, 

In the siehEia, howwrer, there haa bean ав extremely rich Hower- 
ing of species of the South American genus Сей аго, some af them 
diatinet smcugh to be placed in different genera. But the cichlids are 
probably among the youngest of the coterie of fresh-water fish families, 
and their activa recent evolution in the African lakea mikes it шыла 
probable that thelr gumerous, closely related, Central American rep- 
ressntntiveg ara rather young. Certain it ia tha the South American 

It is among the top-minnows or cyprinedonts that wa fied the most 
distintiva Cantril Ағағтіғаз frecdh-wader fishes, ‘The nost. primitive 
living gomas of the oviparous family Cyprinodantidas (Prafundulsu) 
is confined to southern Mexico and Guatemala, amd from ancestors 
not very different free it probably arose the peculiar viviparous family 
Goodeidas, which is practically confined to the Ris Lerma Basin in 
Mezins, Betursing momentarily to the Cyprinodontidae, ñ peculiar 
genus (Gormansils) related closely only to a Florida form (sfordamelia) 
occurs in Tucatan, amd the remarkable Oryeyosnecter ін found only in 
Pacific Costa Rica; both are related to northern types, ая ін Frafuxdu- 
би, Of the southern rivuEne group, Міршен alome ін found, as far 
north аз Tucatan. Of the more advanced viriparous cyprincdonts 
D. caudal, Central Amarica hasa great profusion of endemio species 

| genera, many of them very peenliar. At least one subfamily 
(Percliopsinae] is practically confined to the region, overflowing 
sarhtly into Arizons and Colombia. The moat highly specialized 
көшеті, ая well з some of the most generalized, occur in Central 
Ps сн: Бараа Ce; Bor s Цагаан 
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Amerion, and tbe ром БА fanna im richer then either the N 
South American. I suspect the family Бэ be of fairly recent 
and it seems probable that the forms now present in the 
United Siates are lata immigrants from the south. Thay like w 
water too much to hove eajored Piolstocene Florida in Ше company 
of piko ос mauakellango. 


T 


d 


There is noi а serap of {actual evidence, fossil or recent, oti whieh to 
postulate в North American origin of the present South American 
fresh-water fishes. Ad this seemingly pontifical pronouncement, I can 
deo some of the proponenia of the northero-origin-for-everything 
theory cast their eyes downed that good 244 standby, the Green Hiver 
Esana of Wyoming. Iam perfectly mware that the common oocur- 


age and probable wide Eocene or рге-Босвпв l 
was cut off from Asia before the origin of any of tha families of dami- 
nant fresh-water bony fishes, yet if hara still Hring oateogioarid which 
ба closer ta the Green. River Phareodus than the latter ix ta the living South 
Americam genera. "This single species of Selerepager forma the oial 
living tres, fresh-water, bony fish fauna of Australia and Papun and it 
finds its only very close relative in another living epecies of Solera pages 
west of Wallace's Line—aánd this gamm ін the only example of the 
primary division of fresh-water hes that exista om both sides of this 
ancient barrier. Both speclos of Scleropages are extremely ancient 
relicts of the days before Ombariophysi existed. This will, I think, 
make it daar why I reject. the mere presence of an osteoglnesid іп а 
North American Eocene formation as evidence of в nortlers derivation 
of the South American jophysi* 

Рнасасаға of the Green River Eotens was described hy Соро аа а 
cichlid and is considered to be one by two stedenta of South American 
байна. (Haseman, 1912; Pearson, 1927). Our foremost, нг Ши Гү on 
the cichlids (Regan, 1808, p. xiv), however, decided that Prinsesa 
was mot a ей, and I agree with him. To me it мыш moet likely 
that the priecacarida were either нашбайла, һө Regan (1916) decided 
"des FMT Hebe (ЕНБ, р. BQ. Мылызғ гений. mash airman. ін bere тет Ња. 

tar "wiki ba in rra тир ішісіне їл |p ш Epraim geri. ы Ы БЫ. FII ын 


ur Бай palapad abus zo iba Балаа Алин реше]. PRemdeepdazar or Là Balai of (bm Багана, 
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they were, or û parallel group, now extinct, that possibly arse from 
the same marine ancestors aa the cichlida, — Moreover, even if Prierez- 
cara was a cloblid, it should be rumembered Шин even today thia group 
ін net particularly aversa to ma water. The penus had for ifa com- 
paniens in the Green Hiver Lake some fishes of marine groupes lika 
Diplemysivs? ponorhynchids, and rays that frequently come up 
tropical rivera today. In any event, tha Green River shales give ua 8 
pretty picture of the early North American fresh-water nuna balora 
the Micctne invasion of carpe 

Tf the South Americas Éalum did nod come from North America, 
where did they originate? The Ovtariophysi in particular cartainly 
bed a commen origin вшин, I must confess that I do not knor, 
mor de I believe that anyone бап unravel the history of this order 
without the foal evidence still locked in pre-Tortlary rocks. Wiik- 
oat this evidence, speculations on the earlier dispersal of the order 
аға шова. Naturally, 1% cam be argued thai all we have арайхай the 
early presemes of South Americam groups in the north ін magativé 
evidence, but H the southern familia never existed in the north, 
negative evidence із all we can expect to fled thers. Moreover, the 
Lerüarr récord of Nerth Альенекп баһа: la not & blank, ond if ekara- 
cina and similar old and aggressive groups were present im North 
America during any pari of the Tertiary, it is exceedingly strance 
that not a single fossi] has come to light. Tara ia avery probability 
that most of the dominant endemic South Amerikan catarinphyxan 
familia are at least ав old aa the Eocene, and if they were present 
in North America stone tima, some remnant of them ought to show 
wp in wach formations ав ths {îrema Hiver. The European and 
Amat femal evidenea of the northem ongo of the older African 
fishes m ва nonexi&tant ав the North Amerinan.° 

Eigenmann, the most eminent student of the South American 
fishes, believed that there was a very definity pre-Tertinry comti- 
mental connection between South Amorea and Africa, to account fer 
the similarities plainly seen in the characins, cichlids, nandida, and 
others, but I cannot accept his gigantis land bridge (or some of hia 
South American paleogeagraphy) without better geological wridence 
thas I have меп. Kogan (1022) postulates a somewhat similar 


One fact alone prevents me from bolioving in а wida, open, eonti- 
meatal conmection across tbe South Atlantic during the life of tha 
present South American and African famili of fresh-water shpa, 
I have mentioned the securranca in Africa of à moat remarkable 
kén lagi of undoubtedly old families of Esospondylan telecet fihus, 
P Uta нан л Трой berria of Lin ғұсыға Гра kas! КАШЫ Баға Being arisa гайы тан 
BA Пы: 568588 ЫЫ шағы кай ана, руат арны Гардины Шыгы Шын. a makeme «НЬ 
Іва Chima ныла 
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to вау nodhing ef the vastly more primitive bishira; І cannot but 
believe that ева were probably present in Africa before the cichlids, 
сатра, or characina, Ш Where has been a wide Tertiary or өтеп Dat 
Cretaceous bridge встовв the South Atlantio, why do we find not à 
single, solitary representative of Any of them (дата again the ішімде 
glosside) in South America? I тейше to beliove that competition in 
South America could hare killed them off; they have survived рэн 
ва cube competition in Africa. : : 

If wa аға із have в South Atlantic bridge in the late Cretaceous 
ог earliest ‘Tertiary, the only kind I can conceive ая filling tha re- 


ЭШ been partiy im cadvtence up to the very end of the Менохох, 

were presenk in the earliest Бағала, they moy have been 
Шыға at the end of the Cretaceous. Such a narrow isthmian oəa- 
section, with ita short, swift rivers, would mot provide a broad higi- 
way for all the fresh-water fishes, but it would allow to pass Ше 
very sama aggressive types that аге now beld in commen by Africa 
and South America Тін lowland, ehew-water mormyrids, panto- 
donis, kmerida, amd bichirs might тағу well bo kept out of South 
Amores while more active, ewifl-water fishes pasasd. Again, tbe 
isthmus may not have been connected ав both ands at the tima the 
telecstoan fishes came on ibe жәпе, and the transfer may have been 
alternata, or only one-way, but this seems unlikely. Any way ое 
looks нь it, the weak little lowland nandids, present іп both cont- 
nonis, агь problematic if ona supposs а bridge thet arduded 
mornmyrid&. 

In amy vont, the fish evidence indicates there Бая Беса ne South 
Алпе connection mnce the Eccens, 1 Бата сал ис compared the 
entire аха! anatomy and osteclogy of the Africam and South 
American «өтіп that are supposed do show tho closest intarenn- 
timental relationship (the Africam Беріш and Авна and the 
American Bryon). My eonelusion ін that both the African алд 
Amarican fishes are closely similar caly because each is a generalized, 
dominant, and aggressive animal of а type that haa probably changed 
littla ines the more modern types of charecins oviginated. — Moreover, 
jm my studies of the cyprinodonte (Myers, 1631) I have compared tia 
difficult-io-separate South American бешш алый, African Apkyonemion, 
They both balong to à гааг epecialined group of genera (tho tribe 
Kivulini), and are undoubtedly closely related, but it should not ba 
overtocked that they belong të tha sacendnry division of fresh-waler 
Êshan, and that a fortuitoes marine dispersal of one ez more species 
ал some time in the "Tertiary is not impossible, particularly if a Erani- 
(uinea ridge remained for а time ав an island chain. 
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What I have said will, I believe, make it clear that our present 
knowledge of the fishes very distinctly favors n lata Мояогой or very 
early Tertiary South Atlantio land connection and makes m direct 
morthem ongin of at beset the болий. Amencan сналорїувана бейпі 
axededingly unlikely. Би I refuse to take а definite stand єв thee 
questions. Tt would be extremely presumptions, on the basis of the 
Babes alone, to пф ешр в flat contradiction of the огеш dispersal of 
the mammals, reptiles, and amphibians sa ably advocated by Matthew 
(1815), Noble (1025), amd Dunn (1828 amd 1851). Our knowledgn of 
fomal fresh-water fahes, especially in South America nnd Africa, із 
very meager and I realize how quickly tha dissovery of critical fron] 
evidence might change the pictere. However, Г do believe that, 
fossils aside, the real fresh-water fishes offer better, clearer, and vastly 

mora comservalive conlinestal zoogeographical evidence than any one 
si бы Зани ol qral, and Qut Байа Qamiñratinn ia pu kota 
understood than that of the frogs and perhaps of the reptiles, The 
mammals take preeedenee only because of thà more abundant fossil 
record. Му chief contention im that the proponents of Holarctic 
dispersal have given too little attention t contrary conclusions in 
ether groupa and have, perhaps, ridden along om the соя айн of the 
mammal evidence a little more easily Шин the evidence of their cwn 
groups асїшайу warrazta, 

The tras explanation of the apparent сон сл between tha fh and 
Чиаагирай evidenee шағ lis im a direction that I have mak iem painted 
cut. Ш the spi-Mesezoic interval were ú time of great uplift ond 
denudation, of longer continental duration than generally supposed, it 
may have been long «xough fer the differentiation of characina and 
ether prizitive catariephysans in the north, the southward dispersal 
of a few of ancestral bagrid-pimelodid satilshea авй 
characte inte Africa end South Атенев, and tha ат ал of thease 
in Holazctica. We do know that much of the record of this period 
has been kat. Boot this da pure speculation, amd, in the words of 
Regan, "The * © + чүш thet Qetariophrai originated im the 
north and spread ва галаа, involves во many improbnbilitiea аж to 
bó almost шил атаа!" 

Fetumaing to the North Anserican fishes, it may bo said that thara ін 
no particular arguznemt about them, Thay, at рал, soem to have 
arigimaledl in the sorth, either іп North Anserbea or the alten-con- 
nete] Eurasia. The South American en are 8 problem, and I 
leave Шаша thus, up in the air, & to speak, for it will be remembered 
that I premised Lo болгов to no conclusions, 


WEST INDIAN BOOGEOGEAFHYH 


The geskxnenl Mistery of the land and fresh-water vertebrates 
animals of the Wess Indies before the Pleistocene ін still almost 


тіктеп p Liz Dsi na ka bundle ibe іа вагіна ин ванд iss lard pol radeon! da li. 
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unknüwn. ЛА i» therefore pertinent біз point out that finely spun 
schemes of distribution based entirely on the living (or Plelstocena) 
fauma ата likely to recaive rough tmatmant when amd if good fossil 
evidence Fa found, What is known of the fresh-water fishes of the 
islands, though instructive, will of itself answer no important question 
eü&elusively, and L shall Шин гө give only в betel and very aketehy 
summary of one or two af the probleme which the fishes may help us 
to solve. 

Misch hes been published on Weal Indian zoogeography. For my 
purposes, I refer only to Matthew (1915 and 1918), Barbour (1014 ond 
1814), Anthony (1918), Scharf (1022), Schmidt (1824), and Dunn 
(1824). From the bibliographies of these papers some idea of the 
other Hteratura may ba gnined. 

Except for Matthew, most of these writers nre miber definitely із 
favor of в шин of tha Greater Astillas nb soma “ший during the 
Tertiary, and а continental enemeetion of this masa or епа of Ив ole 
mente with tbe North, Central, or South Алиїсав malz]and at some 
рамо from tha lata Maagenie ta tha middle Tertiary, I admit thet 
the evidence these min present із both enticing and impressive. The 
distribution of the amphibians ia the moot impressive to me, perhaps 
because Î ana more familiar with thet group than with other quad: 
Tupeda. Since the time of Darwin the natural occurrence of km phi 
biams on an island has been almost universally accepted as incon- 
[катар ШЫа ачийг that that island hes had a єє пин! lasd 
connection, Amgphiblama are delicate creatures, extremely annañtiva 
bo desiccation and io sali water, ud since they do noi ровасаа wings, 
it is еше to imagine how they could possibly стом a body of ава 
Greater Antilles, nre extremely well supplied with several genera of 
amphibians Indeed И. would seem that ond of Ee chief diveraiona of 
contemporary Алпагісап herpetologista is the describing of maw Wmi 
[ndinn Meuiherodactyli! If L am not believed, D would refer my 
questioner to Пт, Harbours recent Gal. (19851. 

 Agminst this evidence, the lale Dr. Matthew has stood out prac 

Шаша im maintaining thai the West Indies are true oceanic 
islanda in that they hawe never had & continental conmestion. Ha 
Їн наг the antira terrestrial iruna of thea islands isa weil feona— 
oue gained entirely through fortuitous methods of dispersal such 
e winds and drill drifting dobre, Tt may be mbd that many biologists 
ure coming із appreciate that an Bland eam pick up an sstosishing 
number of vertebrate and invertebrate шашын in this manner. 
Great tropical rivera eontinaally earry floating masses of тарабаса, 
sometimes of considerable extent, out to sen, end all sorte of creatures 
are knows to have been floated away бо no one knows what fate on 
relta of Шин type, IE i certain that the populations of these rafta 
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cially meet thelr end im rough water or slorms soon alter leaving 
the rivers, but undoubtedly im rare instances вайшга! ғай аға di- 
posited се distant ahorea with at least some of lber crews in a vinble 
аша. It is entirely conoeivahle that even tree frogs, which form 
the greater part of the West Indian amphibian fauna, might oscaslone 
ally become unwilling ailere. Nor is it only тайж from rivers that 
nasd be considered. Аар any kind of flotsam or jetsam of any 
size la linbla to be tenanted by some land creature, hanging on grimly, 
if he is able, until the san swallows him up. The millions asd milliona 
of years of geological time surely allow enough for the (comparatively) 
(requea washing up of" rafts on distant shares and it ін beyond 
question that many islands have gotten their present faunas in Шин 
way. But, Î will remind you, nobody has aver attempted to explain 
the distribution of (reshwater fishes by the raft method! 

(reat. ical intereat attnches to the frosh-water 
fabas ad the West Indies Led us see what they tell ua, 


WEST INDIAN FREHEI-WATEE FIESHES 


The masi striking feature of the fresh-water fish fauna of the 
West Indies fa tha completa abasnce of members of the primary 
division of fresh-water fishes, in particular the Ostariophysl, which 
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ally and some of which live in the rivers most of the time, returning 
to the sea only to spawn. Оше of the moet ósnapieussua and widaly- 
known of West Indian frech-water fishes belongs to this category. 
This is the mountain mullet (Артойата), known in the Spaniah 
islands һө Qapao or Haa. There аға ева West Indian species, the 
largest ranching & length of a foot, and others occur along the Canb- 
bean pasta of South Ameria, in Central Amarica, ond the Gals- 

H A related genus (Jotursa) Hives in Cubs and Contral Amor- 
ioa, Tt da mot known whether the mountain mulleia return to the 
spa to spawn, but we do know that they belong to the marina family 
of gray mullets, and that they nnd their companions, the eels, ыан, 
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and others, do not ober the distributional rules of tree fresh-water 
fishes. Thay are of nn use to ma in eur nrosent problem. Neither 
are the two blind brotulids of the Cuban caves. They are the only 
knows freeh-water representatives of a primarily deep-water marine 
family. 

Те fishea which really belong to our secondary division ا‎ kak: 
whiter fishes urn referable із five fumilies, tha garplkea, the ayan- 
branchid sels (Synhranchidas), the viviparous eyprinodanta (Poe 
cilikdae), Wmd the ciehlida (Cichlidne), 16 may be Їнэ! to survey 
them briefly бо make clear our discussion of the Îianaz of the particular 
islands. 

Onn large garpike, Гарсы frisforchus, üccurs im Gabe. Iè is 
geeerally supposed to be identical with the alligator gar of the 
southern United States, but this is цаасан, If the Cuban gar 
is really different, it has probably been in the inland a long time, but 
gurpikes ore reported to enter salt water. 

Of the synbrenchid тайв, only coe sporim (Synbeanzhur marmara- 
һы) ін West Indian, It i» the only American fore: of the family 
жз am kesma авд ib тавд ов from Varacrus із АғұғаНпа on (а 
mainland. А single pezi of the samo gemma осели in Ав and 
another ін India; tho Indiam ome, ot beat, is known to frequent 
brackish wafer, 

1 have already mentioned the cichlids in ecnneotion with South and 
Central American fishes. Тілеп Antüllean species are known, all 
elosely related spesa of Clkaklasasqa Ауы, 1023: "Гог-Уйн, 1935). 

If tha two recorda of West Indian Fundwhws are mythical, ва I 
Чун онол sag л ет ciel rep тет 
фо only three penera,  Cyprinodon is a enam of the southern and akal- 
ern United States, northern ond esstern Mexico, and certain Carib- 
bean islands. The seaboard continental species always etar із 
brackish or salt water, and the inland ones are partial ba the alkaline 
waters of desert pools. Tha anme habits are exhibited br the mani 
forms. Беше, on the other hand, belongs to в Swath American 
group 9 thet has а general inland distribution ая far north аа Yucatan 
amd the Rio Papaloapan. 1: has бево taken ір tide pools at Сошо. 
The peculiar Cubanichthys is found only in Cuba. 

The viviparous cyprinodonta form by far the largest proportion af 
ihe Ártillenn frehewater Бий (gura. They belong to two вэ! аш нв, 
Garabuslnae and Бо шав, and of the first, Cuba possess ап 
endemic inthe composed of Avra distinctive genira 8 The other 
Алал Gambasiings are all members of the widespread Central and 


North American genus Gambwr OF ike Poeclümas there ін one 
endemio West Indian genus, Limin, and three others (Рова, 
=" жа Ma pore сит 


"Bem Mabie NEH: Tha mew Tuark Жіті pers ai ede, (i ee, Ged m 


458 | АКХТАЙ REPORT SMITHHONLAN INSTITUTION, EST 
Labistes, and Mollienizia) that аге shared with the mainland of South 
er Central Anserica. | 

The Таныг Antillas тау һе aald to possess по fresh-wüter fishes at ull. 
[hasten іо say thet I do not include Trinidad. That island ia merely n 
recently sepamied part of the mainland. Most of its many fresh- 
water Ñakaa are specifically idamtieal with Orinoco and Cruinna species, 
and those that now appear to be peculiar may cesfidently be expected 
to burn up whee the Orinoco dalta ka сагс fished. ATL tha Laser 
Antilles that hava sizable sireums вп to hove the semimarine шинэ» 
tain meis and gobis but the only fabes that we could really сай 
[resh-water omes in the whole chain ere two posciliida, the “guppy” ar 
Millers’! (Ганаа) and Равейл тігіраға. ‘The latter ін recorded 
from Martinique and the “рирру” trom 86. Lecia and Barbadea, IL 
la probable ihat both occur in other islands of the Leeward group, but 
I ава not wholly sonvinesd thet these two tiny and very prolific fishes 
wore not introduced by man. In late years the "puppy" has been 
spreki far amd wide in antimalarial work. Both arê admmirahly 
fitted for wail distribution through windsborms or even actual naviga- 
tinm of small stretches of ocean. ‘They are tiny lowland fishes of the 
fresh-water tidal belt, and on the continent never cecur far from the 
east. Ihave observed their hardiness in stram anli water in aqiua&ria 
on several occasions, although they cannot өліні for any тегу extended 
period іп sea water, The deposition of one pregnant formale in an 
Батий efron weuld soon fully populate thet island. It в фагота 
evident that thara ія no fish evidence to support a claim of têî lêê kal 
union of the Lesser Antilles, or to give па a hist of the histories of 
Individual ilanda 


The Virgin Tetons, му far an freshwater fishes go, belong noologically 
with the Lesser Antilles; there are no fresh-water fishes, А Рына 
has bean described from them hy Fowler from the old van Шретятпя 
collection, bat the specimens are only dowbtfully distinct from а com- 
mon North American brackish water Killyfish (Fundwls hererectitus). 
Н а Fusdulss of this type were really peasant, it should hore spread 
thromglhous a pad purt of the Antilles. 

Cube has the most distinctive buens. = ‘There аға the gurplke and 
Synbeanchus, теі of whieh is kata from any of tha other нінен. 
А distinctive cichlid, related rather closely to several species in 
southern Mexico, im very commen. Among the ovipsrousm cyprima- 
donts there is one гыгы, related to Conizal American forms, and 
one or two subspecies of в Cyprinedon whieh із common in brackish 
water in Florida, The most interesting minbar of the group la the 
little endemic Cubenichtiys cubeniia which finds ite only near rela- 
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tive in the Florida [resh-waber сург 05 Сйгїорсорг gecdei. Wilh 
West Indinm fresk-wuier fish башта that peinia toward n North 
American connection, COgprinodon certainly came by sea or wind, 
and the gar m nob really posd evidence ший! we kmow more abost 
it. I eonsider that the weak ttle Cuhrnichthgr and Chrispeége, 
forming by theznsalveas a group not particularly close to other genera, 
шау have had relatives, now extinct, in Central America. Ты 
parat atriking slamamt in tha Cuban fish fauna алт tha Ёта 
which form ihe poeciliid tribe Girurdinini.* They form в very dis 
tinetive group, distantly related to Central Amencan types, and 
must have arisen іп Cuba à lom time ago. (батша, with two 
Daban species, belongs to the marre sublamily, but to à widespread 
tribe. There is one Cuban Limia, a West Indian genus of another 
subfomily. 

арапа (Haiti and Sante Domingo} has only cichlids ami 
eyprimodonta." The single well-known cichlid is almest identical 
with the Cuban eno: a doubtiul species (naš yet патай) ia Їнэн 
from a single apocimen. Bus there is a бомй СЫНА from the Ми» 
cuna differing [rom ihi comasan living ona &nly hy a couple of varis- 
bras—the only fossil of the present Antillean freshewater fishes yet 
discovered. Ii would seem, therefore, thet cichlids hare been in 
reported from the island пен n large Cyprinodon, living іш the Hution 
salt lakes, and a чеша based on one specimen captured under 
qeculier cireimnabamces on Panga Land off the вены оный const. “Tha 
viviparoos forma belong to tha blquitess panua Gemburia, to Limia, 
which is known outside Hispaniola only by the Cuban and Jamaican 
species, amd to МӘШінтігіз, a genus known elaewhera caly on ihe 
mainland. ‘There nre three Gomburas, related to Cuban and Jemal- 
can өресіне, ee PR n probably опре 
insted there; it ia close do Рома. Тіс llispaniolan Митт 
is an isolated form, not at all ¿losa to tha Florida one, nnd perhaps 
finds it» closest relationship in the species of the coast of Colombia 


or Panama, 

аянға has only viviparows eyprinadonta Singhs old нөхөн гі 
a South American catfish end а Central American сс Ши are prob 
ally mistakes, bui I should mot bo surprised to sec n real cxchlid Бага 
up there The eryprinodonta ата four Gamburiur and two Їлтаа 
rBlabed to Hispaniolan ones. 

_ Srond Cayman kas coe билин, 
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Pueri Fico ін the most remarkable of the Greater Antilles. Га apita 
of the fact Шай ita haber vertebrate euna la very comparable to that 
of Hispaniola, iis mole and only fresh-water fish ін tha тітірагоца 
eyprinsdant Рванїна. wiripuru, which i» common іп South Amoerios 
and the Leeward Islands. That this strange absence of anything wa 
might expect is real and not merely apparent із chown by Dr. Hilde- 
branda recent extensive murvey of ibe Puerto Rican streams" Iam 
strongly of the opinion that the Poezilia got there by fortuitous means, 
or by the hand of man. Маву увага ago Cuvier and Valenciennes 
described a Fendulss from Puerto Rico, bat 4 has remained known 
ware shown to ba a аянына. Î do not believe that а Fundulus 
eximia in thé ialamd, Wham Nichols (1678) got his figure of it I cannot 
dy. 


WHAT DO ТИК ANTILLEAN FRESI-WATER FISHES INDICATES 


It is difficult to say just what the байна indicate. The distribution 
ef avveral of them ін & peculiar mi to Suggest that their arrival has 
bean fortzitous кіні not dependens ondrytend connections, Metluens- 
на Hispaniola, Ёресшьа in Puerte Risa and the Leewards, and 
Обаму in Cubs are examples іп point. The arrival of one 
Тана in Cuba and the presence of scarcely different cichlids in Cubs 
think ibis not uslikely. However, the prance of giraritinine 
poeciliids in Cubs, their absence in Hispaniola and Jamaica, and the 
glosy relationships of the Gambusias and ТАрлал of the last two islands 
is inatructive. I do not think Cubs and Hiepatiiols have boen united 
during the probably long existence of the girardinines, but Jamaica 
and may have been. Puerta Rizo, from the fish evidence, 
apama бо hawa bad a long separate history. 

Of course the шиш remarkable thing of all is the entire sheence of 
Üetarsophywi in the Wesi Indies. Оп the faca of it, the fish evidence. 
therefore peinta etronghy toward a lack of any mainland connection 
during в considerable part of the Tertinry. Personally, I am of the 
opinion that some northern and a number of southern Ostarinphysi 
have bean in the proce of penetration of Central America for a long 
tiene, and that their abeence in the islands із significant. But another 
sliernative msi not be lost sight of, Sehari, Schmidt, and others 
hare mentloned tha feet that the land area svallablo seama іс have à 
direct bearing on the survival of at least paria of в land fyuna—in 
other words that an island, throagh partial submergenes, might become 
too small to permit the survival of certain species. І do nos at the 
moment recall having seen this ides applied to the fresh-water alet 
of Шан aad I think li will repay us to digress a bik to discuss it, 
= Падала (зімі). 
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Although ichthyologists have never particularly remarked it, it is в 
P^ был that all of the primitive, relict forma of fresh-water fahes that have 
pertisted to modem times are inhabitants of relatively aluggiah (and 
usually large) lowland water systema, The late Professor Eigezanann 
overlooked this when be journeyed to the Guiana plateau із 1906 іс 
search for possible survivors of the fish fauna of bis "Archiguinna"; 
hà found nana, Changes in the руга! feuis of анин алемі 
are too өті to permit survival of any except fishes that have becama 
peculiarly adapted to Ше in ewilt water, and the few relicta of a dying 
гала аго noi the omea that become adapted із mach a herd Шә. Рево- 
plaination of a mountain range means tho extinotion of the highly 
adapted Misima fakes, sira (deeqite Regan’s com of the astre- 
blapida) eveletion is not exactly reversible and етесімінмі авг -нгалиг 
Gale cild scarcely be expected to revert bo в mlow-waler Барі 
deficient in oxygen. 

Ta only insansa I know of true relict fished living in moantaimots 
areas conoerm apetis existing іп mountain lakes that bavo been 
elevated bodily, or which аға part ûl а ceed extenarve plateau lake бт 
тітег EEA, and wham tha cortain draining of the lake En the not far 
distant geological future will sound the death knell. of the relict, Ав 
especially good example is seen in the remarkable fish (аанча is 
tha ІІ Lake, Furmi. 

Tt may be expected that a considerühla proportion of & mainland 
fish Тахиа Шр on land masses (islands) subsequently cud off from à 
continent will be lowland aha mot particularly well &dapied to gwit 
water, If the island were to be partially submerged within a orsi- 
paratively short geological period, the lowland Gah fauna might be 
entirely annihilated. ‘This would be all the moro likely if the original 
continental connection had been #0 low às to permit the entrance only 
of lowland types ond the submergence сссаггаЛ balere these lowland 
fishes had kad time to ovolve hill-eiream trpaa, 

We do know that many of the Antilles have experienced ora 
siderable changes of elevation. Barbados in particular appara to 
have been very Балт treated hy orogenic or other forces. I we can 
ballera tha evidence of ita sedimentary deposits, 16 sank 6,000 № 
10,000 feet below the ses between the Безе and Miocene, and їп 
the Plšzsana behbad up again іш an bland. Naturally, complete 
subsidence below the sen would desizay the fresh-water fauna, and 
the Greater Antilles have experienced no euch devastating changes 
of level, but even relatively alight subsidence might have a profound 
effort on the river fishes. 

Ты spite of this, I feel confident thet had aggressive Ostarlophysi 
атағ bean abla to mach the Greater Antilles, nothing short of almost 
complete submergence of the larger blanda would have entirely 
destroyed them. Characins and carps іп particolar would hare been 
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especially adaptable to hill-streans life, and their rigor and fecundity, 
especially in the absence of competitors, would have ensured their 
warvival under almost any satural comditiona short of complete 
desieen ition ûr immersion in at. water, 

If this view be granted, the only conceivable continental eonssction 
of а Greater Antillean land masa da one with Central America, at а 
Cetariophysl had invaded much of Middle America. I have already 
shown that we cannot data these imvusions. Finally, if we are to 
auppese that ай the South American Catariophysi originally wended 
their way southward through Central America, 1 believe we should 
have ta push any sèch comtimenta] bridge back into the Mesozoic, 
if indeed it ever existed at all. 
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EXPLANATION ОР PLATES 
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Trpleal North Amarican {штаһ-габет Кае. 


Fig. 1, Асыр or ali, Semis, (from Girad, Falls B. TL Лар} 
$ An amber esti), Amama (From Évermazn and Kendall Dull. 


Qr, B, Bar. Fia.) 
' КА mnih, Ша чиний bass Chaescbep&me (From благ, Бїс 
R. R. Heg) 
& А trus раты, thy darter, Тайгсригыг (Prom Fecbes and Rizbandaás, 
Шиа Бізде а. Ний. Barr.) 


Prom 
Typical South Arzarizan ЇтєаБ-тглсг Eskew 


Мы gae dS (From nother, Trans. Soal, Bom 


каны =a, ا ت ااا‎ (From ЕШЬ, Mam. Carnegie Mua] 
8. йл amad байый, ar loricartid, Pircesiomes. (From Білгіш, Stanford 
Univ. Publ.) 
Pra sg g. 


Trpleal West Гаа fiyhi fides. 
Fra, L. Á mamian molded fai Bi Vincent, Арелана. тыштар. (From 
Losdan.] 


% The вал, maie, (From Мусга, Болса.) 
4, Ал ША fram Sonne Тетла Calman, Maiti, (Ышы: ЫНЫН. [Ores 
by шагу Тады. 
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THE BREEDING HABITS ОР SALMON AND TROUT 


Bs Leas P. Braga 
Алайла бугайг, Diririsa of Pinker, United Stet Хайа! Museum 


(Wie 8 plates] 


Althosgh salmon and trout are of the greatest economic importante 
in the Northern Hamisphere кіні hare been introduced into scattered 
arena boulh of the Equator, authentic information concerning their 
breeding activities is not generally available, Many volumes have 
been written en the lite histories of salmon and trout, incboding 
several popular books, nearly ай of which incorrectly portray the 
spawning habits of this great group of Баһ belonging to tha family 
Saleemides The technical selection and breeding of domestic 
алаан, mach an cows, horses, pigs, and chickens, is a highly specialized 
science now, but the selection and development of similar brood stocks 
of trout received Ettla attention шай! reoently. 

The spawning migration of salmon ін anadromous, or from the san 
to freshewnster abrama This їз the mesme of that of fresh-water 
міз, Angwills, which have n catadromous migration, ог from fresh- 
water streams to the sed, Those cela which live in the streams triba- 
tary to the region of the North Зав migrate westward in the North 
Atlantic Dema n distance of about 3,000 miles to в location a little 
north and cast of the Wert Indies, This long migration ба no greater 
n distance thas the king амны of the Pacific travels to deposit ita 
pez. In the Yukon River mate salmon go up tbe river 8,000 miles 
(Gilbert, Bull, U. 8. Bur. Fish, vol. 38, p- 318, 1621-22 (1923), іш 
addition to a long migration while still in tha nea, The migration of 
the king salmon ін probably the longest of all salmon and trout; the 
pink salmon migrates lenst of all of the Pacific salmon (ganas Oneo- 
rhnekus), ainsa it apawna near tha mouths of streams or upstream but 
ù few miles above anlt water. 

In trout, genera Salmo and анна, the migratory isalinet ia 
ales definately developed, but these forma spend meet or all of their 
lives in fresh water ond thes there ін no necessity of migrating Фо lar, 
(Hber closely related families of salmonidlike Gihes, such ва White- 
fishes (family Coregonidas) amd аша (family Cameriias) make 

м 
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similar migrations. Some of the smalt, however, do not enter [reali 
water streams, but deposit thear mpps іп the fine gravel of the ocean 
bench among the breaking waves. But the habita of fish spawning 
in the ocean ашн бөленуі ba told hare—that is another story. 

The simon, im their great urge to reach the proper habitat for 
deposition of their eggs, often wear themselves out im their abbempi ta 
navigate waterfalls or fish ladders placed in domes (pL 3). IE said 
ihat Pacific salmon will jump vertically ва mech os, or more Шал, 
five to mix times their length im өп 8 агар to go over waterfall. 
бор уа this ів fetal to the fish as LL falis backward ood sirikes 
sharp көй. ТЇ be is not seriously injured, upon recovery be will 
continua ie leap until either successful in going over the obstruction 
or until be is completely exhausted amd falls prey to birds, bears, or 
other predators, ва һе drifta downstream “Tha urge to go upstream 
ia во creas in both saloon and trout that dhey expend à great amount 
of віт atered energy by tha time they have spuwzed, lenving them 
weakened and emacinbed. 

This FOF condition ін uei the chief сахве of the death, after 
epawning, of the five әрегіне of Pacific жайпап, Instead, they have 
ranched the end of their life cycle, nnd even thee fish in good wondi- 
tion, din shortly after thelr reproductive period № completed (pl. 4). 
Trout, кин над, (pl. 1, fig. 2) and the Atlantis salmon may spawn 
for атаға! suecenzive years before completing their life cycles. 

Finally, after troversing great divtances or but a iyw miles, all 
species of salan and trout ватра to lente m particular type of 
stream bottom im which to lay their eggs. ‘Their nesta are built only 
in the gravelly or siomy sections of a stream which has nearly Санг, 
rapidly fowing water of a rather ew temperaters. If the Esh аге 
umanaeegalul in leaking Шина conditions, they seldom lay Зиг eggs 
and may din instesd. "There із evidence, too, that the great majority 
af Pacific salmon, as well ns some species of trout, seek: and usally 
find iba simam in whieh they grew тір as babies, even though & few 
intervenisg years were spent іп the far-away sea nnd. entirely outside. 
the influence of the "parent stream" (Davidson, Eeienee, vol. 88, 
pp. 55-50, 1937). This is known жз the “homing” instinct of 
salmon nnd trout and № oftem referred to under the name "parent 
вітеппа th Ху 

Tho time of the гайг when salmonids migrate and lay thelr apga із 
highly variable. Pacific salmon spawn any time from March to Dha- 
ombir, depending on the locality and the specia. Stoelheed, or 
rainbow treet, spawn i late autumn and winter, or in cortain regiona 
in the early epring. Cutthrost trout typically are spring spawmers. 
"Tha Atlantic salmon, emer brook trout, western dolly tarien, laka 
trout, amd brown trout, all breed in tha autumn. 
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These өресін may be observed to buid pesta and perhaps spawn 
by anyone wha Бая tha patienes amd time to віміу sach activities. 
The observer should exstioualy approach the gravel riffle іп whioh 
eaucarlikn depressions, 1 to 4 fect in diameter, have been excavated 
acd where trout occur during the spawning season. If he renañins 
very still, in 5 фә 20 minutes the breeding salmon or trout will swim 
hack over the pilie where they wero when the observer find mado bis 
appearance. These Баһ may stay a moment, then kara for the desp 
bola again, arually above the rifHa, whara they hide for some time 
before again venturing out. However, H all is still and quist afier 
oneor more such attempts, the spawning salmon of trout will remain on 
the rifle, nearly oblivious of the presence of the apectaior. If the 
observer showld make sudden movements they dart sway, amd then 
be mest wait for them to return and again become ancustomed te his 
presence. Tt ie posable ta hamma во moch ñ part of the environment 
that the observer “ein even stand astride one of the nta, while the 
male and female mêl proms thelr normal activities" Gebults and 
Students, Mid-Pacifie Magasins, January-March 1935, p. 60). 

The spewning salmon and trout usually маттары themaclvon in 
paire, although an extra male may be present in cortas specia 
trainkow during the spawning ве. Each of these pairs remains 
over certain area іп tha stream bottom which it defends. ТАБ area 
becomes the nest, or redd, in which the eggs aro laid, Since the 
neat-boilding activities are practically азат for all өресіне of salmon 
or trout, the following acoount of the activities of the Little геш, 
the landlocked sockeye solmxm, Grcerignehus merbu, із given from 
personal ñaaa tisa (pl. 1, Би. 11. 


HEST-BUILDING ACTIVITIES 


A pair of redfish usually angape in normal meet building when uz» 
molested hy other fish. If the pair is lona, the Female шау lot horail 
drift ower the bomer center of the redd, whore sho will tare ever en her 
side and vigorously Bex ber tail leur to six times арайын, the bottom, 
ка this motion carries har n fool or more upstream. The tail of the 
fish during thee moverenta comes іп contact with the bottom, and 

walio forces аль ый op by tha upward movement of the 
tall, which lift the gravel and sand off the bottom The material thus 
disturbed is carried by the swift current downstrenm, the smaller 
particles Ганй and the larger stones but a fow inches before they 
settle, ‘The tamale may return to the starting point and repeat бин 
must-building ach (fig. 1). Lf umdimturbed, iba may in 20 minutes 
complete ва many ва TO separate nist-building kela with an interval 
batwaen tham of ва lite ва 4 seconds or as long аа 1% minutes, Оп 
tho average, females turn, with almost equel frequeser, eather their 
loft or right side toward the stream Бо опа, 
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RALMON AND THOUT—ECHULTÉ 36 


А Tevir of the literatare describing the E activities of 
salznon and troal indicates that practically all the older accounta 
have confused ii will the spawning act, tbe latter ав entirely differant 
behavior. The following authores, among others, have given the sume 

on to the neas-hualding act as described above: White 
(1050, pp. 103-107) en eastern brook trout; Grealay (1932, рр. 242- 
243) on brook, brown, and rainbow trout; Hazard (1052, p. 345) ов 
eastern brook trout; Schultz and Students (1933, pp. 71-72) ов land- 


, locked sockeye salmon. 


The process of nest building, tha шин obvious activity over the 
nest, is done mostly by the females, although now sod then certain 
Eales fex their batiga ihres to fira times, whilo other male nevur 
participate in the construction of the nest. Ussally during the 2 to 4 
seconda that it takes the female to flex her body for purposes of dis- 
turbing and lifting th gravel во that the esrrezt enrrios it downstream, 
the mule, if present, stands by inactively near the lower part of the 
nest. Тіс time that it takes to coeaimact a singh: nlp vari 
considerably with the individual, taking but a few houra or à few dapa, 

in Ша casa of breeding salmon and їзнэ, the careful observer hea 
little 4 са io distinguishing the two sexes, because the breeding 
male іа ually mara highly colored thon the female, and Em body ін 
compressed (aides Пайет), that of the female more rounded. Often 
the snout is somewhat arched in the male trout and definitely hooked 
(pl. 1, fig. 1) in the male of Pacific salmon; the female's mont ia narmal. 
Experienced fish-cultorista are able to dell ibe sex of spawning salm- 
onida by бы аж of them with their bonds, the males having an tha 
underaide of the abdomen two hnrd ridges which sre lacking in fonsalea. 

The completed nesia of salmon and trout are syucarbke depressions 
with a small mound of aand and gravel on the downstream side, ‘Their 
Дерк and біне depend on tha aise ad tha individes! that constracts the 
nest, and their shape on the rate of flow of the water over the nest. 
Nonrly round depressions occur in slowly moving water and oblng-oval 
neste whera tha corrent is rapid. А Gah about а foot long builds а 
nest from 2 to 4 inches deop, depending om Ши type of Hima botton 
In moderately flowing water the width of the nest i» one oc lwo Шина 
the length of the owner, and the length of the nest ін two or tires 
times that of the female which excavated it, The mound of sand and 
gravel af ibo lower end of ihe nest Бен from 1 te 2 inches above the 
average level of the stream bottom snd extends downstream below the 
depression 2 от 3 feat, Several of these meats, or тойда, may occur in 
the same rifle of a streams, In the case of larga king salmon, a single 
neat may обор батаға! equers уағда of the stream bottom. 

‘The neste nra continually changing, because after the female deposita 
в portion. of Бог орда, she covera them with gravel, and ns she pro- 
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гай чу amirale one ûF more nw пәнін upalnim, seme of the 
excavated material of the new locations covers the ба in the older 


mesis deeper and deeper—a rial conservation of energy. Severa] 
hatches of anga may ba deposited Беота the female has completely 
deposited all of ber ovn; воіеа, however, ú female may select ал 
entirely mew location for her next nest. 
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DEFENSE OF THE NEST 


Both malo nnd famala défend their neat артар invading Баянаа br 
mashing af them or by the male escorting the introding male upstream 
йг іо еле юе. Bometimes the defender in his rush at an invading Gah 
садаа. his issih in ibe nhdomen near the pelvic fina ef tha invadar, 
end before һа сал loose himself ithe two drift downstream some 
Финанс, The delemder usually returns to hin neat ond immediately 


BALMON AND TROUT—EZCHULTZ 371 
takes up bis position over, à little behind, and to ona side of thes Гогпд!а, 
Tha female usually defends the upper portion of the nest, while the 
nsale delemda the nest from invadora coming in [гоша amy direction. 
Both drive away either a male ог female upsa their approach unless 
fish шиг! larger tham themselves swim inis the nest. Whee this 
happens, often а new mals takes possession, and breeding activities 
сумаа with little interrapetien. 

Sometimes when an invading mala approaches, ba ін eecorted away 
bythe male сит of the nest (fg. 3). In the case of the little red» 
fish, в landlocked salmon, the defending male may swim фий te 
Teal him, often elovading his dorsal fin. Ш the intreder does not 
reirent, the defender will swim slowly toward him, and when about a 
foot or во away, he will turn sa that the two fish аге nearly parallel, 
and they them proceed slowly upstream, someting ms far ax 10 feat 
before the invader either goes him cwn way, or makea a dash for tbe 
nest. Should the latter happen, the escorting act might occur араја. 
In general the mole secupiea mech of hia tima in driving away other 
mates, and the female drives away invading males or females. Should 
ihe levading mala һе аба ШІ Ён driving away the original pner, the 
formar mow takes possession, Батага! males usually pair off with the 
female owner of & meet before sbe has laid all of her eggs. 

Other activity bides the defense of the nest may occur in the 
inmediate FIERA, simos unpaired and paired males continually class 
each other about both below, among, and shaya the area інізіріні by 
the reddy, or nests, 


COUETSHIP ACTIVITIES 


Between many ef Мир meel-building asta èf the female redizh ва 
she drifta back inte the center of the nest during recovery and sssusnos 
a normal position over the center of the nest, the male usually mp- 
proaches her from behind and a little to ome side. Не will just 
touch hia head or smout to her body bn the region between the adipose 
fin and tha pectorala, gently mere hia body towanmi and арынаг bara, 
at which moment be will vibrate, or quiver, vigorously for a second 
or two. He will partially erect bis domal бо near the end of this 
жей Ша. T) The female usually remains perfectly atil, although 
onpa im a while sha ioo will quiver іп unison with tha male. Мо 
eggs or mili have ever been soen in the water during this courtship 
act, thus indicating that no actual spawning meura, ‘Time and tima 
агып the male repeats this сои р act, H mo introder interrapta, 
aa often as every 5 to 10 seconds or at longer intervals, Other csuri- 
ship acts обет, too. Frequently the male will swim back and forth 
ever the female when sho ін resting near the bottom of the nest, 
often touching her dorsal fin with his body and flea, Another recog- 

тіле Ме courtship behavior m an acd of nudging. The male polls 
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swima up tò the mideide of dhe Татала while she is over the bottom 
of the neat. and nudges her in the side with his snout. These acta of 
courtahip of the salmon and trout have been observed by various 
authors among whom may be mentioned: МШэвт (1874, pp. 52-54), 
vibratory courtship act im brook trout; Hazrard (1882, p. 845), nudg- 
Üreeley (1032, pp. 242-243), nudging and side-to-side swimming 
ower female for rainbow trout; Needham (1834, pp. 244-455), пир. 
ing and quivering in steelhead trout (pl 5). Similar courtship acciv- 
salmon, silver salmon, king salmon, and сс на! trout (pl. 2). 


ке А = Й. 


THE SPA TTEING АСТ 


Among the large number of papers wratben ов the habita of salman 
and trout, but few authors have definitely described the spawning 
ын and those anly within the hat 10 year. AH others have either 
not seen itor have more or les confused it with the nest-building and 
courting acta, from which it may be concluded that the true spawning 
act ia зова aen. No deubt this confusion and the lack of accurate 
obeerration for eo many yours was caused by the groat authority and 
weight od opinion of certain older iehthyologists, who perhaga exarted 
ioo much influence omn thelr students and blinded their eyes to the 
misk methods of egg laying and fertilization. Recently, ebserva- 
tions by Greeley on rainbow trout, Hazzard on eastern brook trot, 
Belding en the Atlantis salmon, Scholtz amd Students on tho little 
тағар. ú ша ни sockeye salmon (бр. 4), and helm on the 
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steelhead, АП indisate that tha dataila of actual egg laying аға emen- 
tially the same for ibê various speciós, The spawning act or egg. 
lavimg ect шау be sumumarimed ss follows from Needhorn's (1824, 
рр. 334-385) account for the айв над: 

Тін female dropped back In the comber of the рїї with ber телі weed та! Ба ell 
олт in the осрин! pect. The шин Instantly moved i252 рсай ап рагына to ber, 
Thar ялна йа wera opposite ЕЛЫЙ, пілте be wee тесшідетыыу abarbar, Ын ал! come 
өшу шығ to Ын pecterals, Eth fuh opened deir mouths wide, the female 
parjieulasly was amem bs arth ber body, тајы ber bead so ibat the Hp of ber 
шығай we өлі зі water, Fuga and mH were erzdad wiih m qedwering medica Бу 
bert: fab wt erly the жапы шй. Таз aout of Kho female, where IS pro- 
irüded fa the waber was ED bo pansa ripples пп the virised from the qulrering 
mulum a ihe ерда түге depostied. The white cloud of malli partially cbacuned 
ihe eapi fram wor view, han we бонд clearly ses the ere of bright pink eggs 
dropping labs the besten of iba тәні. Thay appeared. bo тілу іп в very compact 
group алий rans were сінегтей fleaiing гоё Ний нэл, Tig ml ete à) ore 
ar [eas mm paa way анд tha тала, though Sê of H жал carril away hy Uka 
cumenti. Tho whole procem didi rank require raga mose than 3 жонын, Tha 
тан during thle proma we an tha МЕ sirka of tha Ёстсайа ља айып Гаста! pair 
Таз [ашыма rurrimirisd Le в vertical реа». Тін шыша ireglisesd АБЕУ toward 
and ырғасы! to De іш файл conii 


FERTILIZATION AND WATER-EARLENINO 

Both арра and mdli ате discharged аё the same time during the 
spawning act, and Nature has sa beautifully coordšnnted ewch мар 
in the breeding sclivities of salmon amd trout that the eggs or юув are 
fertilized the instant they ага shed; otherwise they would probably 
поё be fertilized at all because the apara would ba carried by the 
cerent downstream away from the neat. Tho millions of spermniazos. 
taking up the milt are шыліте until they enter tha water, then for 
about 45 seconda they awim about with great rapidity, but by the 
end of 18 minutes all have become inactive and probably many have 
died. The eggs, once they enter water, change төрі Пу Б. Par 
about 1 minute after the eggs ага in water it is possible for nearly 
100 parent of them to be fertilized when active spermatonoa are 
present, but at the end of another 4 minutes in the water the shell of 
the agg has зо changed that it is nearly impossible for n spermatozoan 
to enter, All қынғтаматға must enter Баһ epee throogh a single 
minute pore, the micropy le, in the egg membrane or outer abell of the 
egg and afier one spermaboscam hea entered (И takes but a single 
spermatesonn бо start the development of the egg) it is impossible 
for акт one to da so. Should no sperm enter the egg within the 
гай few minutes that the egg is in the water, the micropyle closes, and 
that egg can never be fartilired Їнжалаа "water-hardaning" Бая 
already begun. | 2 | E: 

""Waterhardenimg" із а physiological process by which water 
passes ührough the egg membrane (outer shall of the eggs) into the 


E 


apace below i£. This араса between the yolk and the бер membrane ін 
кайый the perivitelline эв, The eggs of all salmon and trout swell 
up about one-third larger im aise than when fret laid (fg. 5), and tha 
outer ahall becomes so tightly stretched thai the eps are rigid and, 
when dropped, may bounes like robber balls. The agg тігіле is 
adhesive when first laid, but at the end of about three-quarters of an 
hour, after the completion of water-hardening, if is emetth йені no 
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AVERAGE HEIGHT 
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longer sticky. This adhesive quality causes grains of sand to adhere to 
the ерда which halpa te heap thers in the bottom of ibe mesi until they 
are covered with gravel by tho female, 


FOST-SFAWNING ACTIVITIES 


Within a few minutes after the eggs are laid and fertiized during tha 
ipawning абі, thé female turza on her abide amd begins te cover them in 
the same manner thet sha excavated the mast. This ix aecomplished 
not by digging into the рїї where the eggs occur, bat alighily upstream, 
аз ikal the current eweeps ibe disturbed material over the egga 
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Usually the арра ure well covered within an bour or two to a depth of 
2 inches or more, ‘This post-apawning behavior offers distinet шітпп- 
iagos for the prodection of the egga and recently hatched fry, ая 
pointed out by Needham (1084, p. 328) who saya. "Eggs laid im tho 
Érst portiona of the nest аға gradually barod depar and deaper bF 
materials being washed downstream from pits dug above as abe works 
upairenni" “The agg remain im the nests covered with gravel until 
hitehed. The oxygen supply needed by the eggs ond young trout 
„ during their development in tha gravel ін supplied by tha мре of 
water through the loose material of the stream bottom. The time 
required for the agga із hatek depends on tha gpecira ва wall aa em the 
waiter temperature, Ера laid im cold water take longer to hated than 
ihoss ШЫ la warmer water, the tine varying from 2 or 8 waska to Û or 
5 monika, The baby selon or treat after hatching remain із the 
gravel until ийг yolk sack bea меп absorbed, then they gradually 
make their way through tha gravel ints the water of the stream. 


EESTRTUCTLON GF EGGH 


Те eggs, after being covered by the female, ure relatively anle from 
preduütory аван. However, when frat laid, some may be ребре 
from the mest pit by the current. Should amy of ibere escape tha 
mouths of fish lurking іп the virinity ready to sad thee, ther would 
never develop for they would be carried to the pools below, where the 
ерда would settle to the bottom, gradually becoming covered with 
aedimant that would салма them to be suffesated. Other hazards 
аяғын the egg. Fungus often attacks them nnd may spread through 
the mest when the eggs are too crowded, bat it can make little headway 
when they ara well separated. — Fresheta alten wash out the eggs of tha 
яв!шнш and trout, and onca they nra removed from the neat they hava 
little or mo chance of survival, ln certain arena the stroums recede 
after the trout hare spawned, lanving the көзін high and dry, which 
sonn kills the eggs. ‘These, among other dangers, take their toll of 
the mew crop of eps and young Gah plasted so carefully by the 
mother. 
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WHAT 18 ENTOMOLOGTYT ' 


Hy Ler А. Grea 
. сың, Баған of Hutamology asd Plant вагань 
17, 5. Deparimumi of. Agriculters 


(With 16 plates) 

What is entomolagy? Webster anys, “Entomology із the dapart- 
mont of moology that treata of insects; alay a treatise on that subject." 
How dors the particular department of seclogy referred to treat of 
insects? "Treating ef inaecta takes om many foram ТЕ has тану 
ramifications. It facta many people. 14 effects the health, the 
comfort, the well-being, and fortunes of ва many individuals im the 
world ва perhaps any other applied science. 

In gad and kinds insects outnumber most, if not all, groups of 
living enpaniems. There are known more than 700,000 kinds of 
described and named insects in the world. There are 75,000 kinds 
вэ reported from North America north of Mexico. Of the 75,000 
kinda in North America there are estimated Фо be 6,500 kinds of шинхїй 
which are so injurious to agriculture in the United States that resorda 
of thear occurrence are сопан Пу reported to the Insect Pest Burro, 
Tt is obviens, therafore, that while entomolegy treats of іздесін, an 
entomologist can із reason trent only of а comparatively few арьсан 
el insects. In schools the teachers eam teach the students only the 
principles of the stience and general fundamentala of insect structure, 
classification, physiology, Вала, and general distribution, leaving 
the student to specialize in the group af insects or branch of entomobog- 
Беа] work desired after graduation in tha securing of degrees, im tewch- 
ing, or in employment. 

First, im our work we most know what insects are, and taxonomy 
js really oné of tha important points in treating of insects. The study 
nd interpretation of structural characters for the purpose of Заза» 
&cntion and identification have a most important place in the sianta 
af entomology. For exumpés, the species of Cockhiompia look much 
alike, particularly the forms commonly called scruwworms. Cushing, 
while working on this group with Patten in England, found that 
what had been comzidemed os оша form, C. moceflaria, was really 
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La apecoes readily deusgumahal by atructural differences. Tater 
audas showed that ther newly described emerimac ін the primary 
pet, tha one which feeds on living taue. This, although complicating 
the whole acri worms problem in a certain sense, білері ні it in other 
ways and demonstrated apain the value af taxonomic studies. Sack 
shadi make it pomible to diferontiate control measures in the field, 
to dispose properly of infested shipmenia movizg in commerce, amd to 
apply appropriate quaramtné TESTE. 

Life-history віла. and studies in the laboratory and іп the feld ta 
find out bow the inses lives, how 15 propagates, how 15 feeds, how 14 
damages or benefits cropa or feed or materiel, teach үн not only bout 
the insect but also what to do about it, a large part of the program af 
testing of insects, After several years of experimenta іш the effort to 
солгой wirewarms, the immatbare form of the click beetle, рус ote 
eal ай өн in conmection with the Hfe-history кілніея developed that 
the particular рошюша being used were not being taken into the 
apstem by the insect bat were being thrown out before reaching tha 
abomech. 

Spraying with lead arsenate has long been в standard form of 
qoniral of inaecta that bite ond chew. Until ihe human Веа 
hazard involved in iba use of load arwnnate was fully realized, it wes 
the accepted standard methed of contral Bor сон шаш, thet almost 
universal үнэл of apples and peara, Білдім em tha life history and 
habits of the Oriental frui$ meth made shortly after ite discovery im 
this couniry revealed that the larva, although s biting and chewing 
form somewhat similar to that of the coding moth, has a habit of 
mpitting owt the Årst ana or two mouthfuls of food and thus scapes 
the «Йесіз of the polsca sprayed оз the surface of the fruit оғ twig; 
banca En this cose land алагиаїй ін mot айта. 

Ая із well knows, the fecandity of езера is remarkable, Taking the 
chasse өлесіріз of the ordinary vinegar Йу aa computed by Махтай- 
Latroy—if the offepring of à single pair lived for 1 year and none of 
Ше young died and none of tbe bodies decomposed, the total masa of 
pouderable material produced would bury the entire earth a million 
miles deep. (М cùrs, thare ін nodhing tò worry aboot іп this diree- 
tion, bani ЇГ err would happen. In the Arst place, comparatively 
speaking, almat all the o pring die and those that dio do decay, во 
Шыға ja ma pondenbla mau of гае size left te bury any 
part of tie баг,  Lhespále the [act hab sach a large proportion of the 
offspring of insects do «Не, however, there is a tremendous increase in 
the population of destructive шыда from year to year.  Notwith- 
standing Шана tremendous populations of insect pests from time to 
dime which take а Боко toll in cropa amd which spread disease and 
анғзу buman kind in other ways, there is no euch thing Ба the iniecta 
of thé world wiping інгі crwilustion. — However, if crops and foods kra 
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to be produced із sufüicient quastity for our nanda and at а csal 
making it profitable болн» produce, insecta must becontrolled, Control 
depends upon research; research шағала to study, get the facta. 

The scinnce of antanselogy із fighting iasets an many fronts, and 
every possible known advantage m being taken oven to the use of 
insects agnminst їп йй. The first importation of insect. parasites into 
the United States wes {hal of a wasp from England in 1883 ба aid in 
Sha eantzol of the cabbage worm, Since that date 405 species of 
_ insect рагеліге and predators hare been imported from Europe, 
` Africa, Australia, Japan, and other countries, and 73 of thee have 
brooms баа! һәй. When Kosbels introduced the Feda isto 
California nnd it cleaned wp the сол ну cushion scale, an insect which 
threatened the very existence of the citrus indestry іш that State, 
there wea furnished аљ early and graphic example of sha value of tha 
use of beneficial insects, A beetle which feeds upon Басар ора waa 
imported inte the United States from Australis in 1591, and sinca that 
date has been distributed to 22 other оошигна, А paresis wasp 
which is native ta North Amarica and which stiacks the woolly apple 
aphid and brings it under control haa basa sent from the United States 
шу 40 олива throughout the world since the first shipment to France 
im 1920, Whee, at the suggestion of the с ин of the Florida State 
Plant Beard, Clausen wea sent to Malapa to tako parasites of tho 
сїйгаа blackity to Cuba, the resulta were far-reaching and importast. 
Not only did this action reduce the citrus blackily in Cuba from ñ pest 
of fiewt importance to ona of minor rank, but 1t also reduced tho risk 
which had been present im marked degree of introduction of the pest 
inte this country. Morwaver, it was à demonstration of far-sighted 
plamnimg and of good перона. The work now going oa in the 
collection of beneficial insects, their exchange between matina, and 
their colonization and study certainly enter inte the program of 
treating of inaacta. 

It will thus be seen that along with the effort to destroy injursous 
forms of insects, opportunities have поё been entirely overkoked to 
make mare helpful to the human таға beneficial insecta; and among 
these, of course, one of Use outstanding examples із the Боосун. 
Бин одны have determined thet boss are more affective in gntber- 
ing honey and pollinating plants H thay can reach farther with their 
юп ёа inta deeper Bowers for ie nectar. Hence вл effort has been 
made with subatantial progress im developing boss with оараг опта. 
Sings bas im nanma төніп on the wing only, this recourse to the 
practice of eugenics із tho bee family has bees тағар with difficulty 
bat has been euccesndully sccomplished, 

Netwithstanding theese «отба we are told from time to time, етіп 
by eutetanding entomolegsste, (het in cur zeal to есейген! аг ЫШ injurious 
insect forma we have too little ragard fer the well-being of the beneficinl 
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forma upon which we depend for pollination of plants and other useful 
fimetians. We are frequently told of Ше killing of colonies of bees 
throegh the use of sprays for the contrel of fruit and crop poate, and 
we areconmequenily urged tà have more regard for tha life of dhe ussful 
insects өтеп though tha injurinus Тагтаа may іп some instances do 
more harm. These warnings amd admonitions are, of course, well 
an camel two sides to theme авралт. А recent article іш ona of the 
leading bos publications referred to the талпақ given by entommlo- | 
рийн al the possible grasshepper outbreak the coming mason алый 
dicated that prashoppers wera very abundant in most of the smeri 
сіптег regions the peat маға. It was pointed owt that the smer 
dover is ome ef the favorite honey planta for tha hosaybes and that 
the invasion of grasshoppers might well prove serious to the beakeeper 
ainos sweetclover in attractive to the grasshnppezs ва à food and із the 
вов morem of surplus homey im а large area. Of course, the obvious 
anewer is to head thie particular warning and poison the grasshoppers 
to вате the food Таг the іне, and since grasshoppers ғап be poisoned 
with a material which i not attractive bo the bees, there can ba ва 
argument ús bo whol should be dome. 

ТЕ йл necessary to treat of insects when controlling and eradicating 
amy ol the plant diseases. The Тан. ebm disease, introduced from 
abroad ати] now constituting a marinus threat to the elms of tha 
eeuniry, із spread by at least (ғо Шинсїй and possibly т, more. 
Buparcane mosaig is carried by insecim. Tha moal important disease 
of sugar bseta, curly top, is spread by lesflsoppers.. It ië suspected. 


found thet pasch yellows is spread by an insect vector, und mno гиш 
insects enter into the general program of plsnt-disease spread and 
balrol көзге (ham wa keew. [nsis Ширэн ил are affected by 
dines, and attempts ата being made to develop and culture tha 
diseases wilh a view bo цаг їнэ in the fight against in|uricus insects. 
Treating of insects through studies of plant resistance has Ия place 
in iba picture. Мал із limited im his consumption of many members 
of the plant kingdom because of their bad taste, poor quality ns food, 
fibres composition, poisaneugs tharédter, or possibly even because 
they present on шаваг та appearance. Investigations by antt 
mologists hare revealed that insects week as the belan fly also 
have food pralini nnd limitaizans авс на of vaniglia of wheal 
оғ even the individual wheat plants for food. бөле planta are entirely 
unsuited for the support of the flies, етеп when the variety in 
ШАВЬ, and parent Hiss selecting such planta for agg laying doom 
iheir offspring to ап early death. Other plants may ha quita uma 
attractive for egg laying and thos escape infestation. Study of these 
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food and sgg-layinz peculiaritios of the Hessian йү and of other species 


of insects has Indicated the possibility of developing resistant strains 
of plants entirely suitable for buman er livestock consumption but 
immune ar partially immune to insect attack. 

In the chemistry of developing insecticides and fangteides it ін га- 
sential bo treat of insects, — Fonawledge of the insect habita, the math- 
eda of fighting, amd the character of injury ія an essentia] part of the 
chemia approach to the problem ef developing a killer. Fungicides 
mus be compatible with insecticides, and visa versa; hence plent 


наға masi be ініне into account. Ne more attentive listeners 


will be found at entomological шиебіпре than the chemlata of tha 
Divisben of Insecticide Investigations im the Bureau of Extomology 
and Plant Quarantine. 

In studying and fighting insects i} must be remembered that many 
of the meet injurious forma арапа a larga portion of their lifetime in 
the growed as larvae or worms. The Japanse beetle, for example, 8 
serious poet on the Atlantic seaboard, apenda Û months of the year їл 
the soil ma а larva. Many of the wirewnrma ава im the кейі 3 yearu in 
the worm stage and, ая ін well known, the periodical cicada spends 17 
years in the вой. Entomologiste ure thus dealing with species which 
are not able to give expression to the reaction of the various insecti- 
cides and other contrel measures used, and observations are dilfcult. 
and necessarily ішітерзгі. Se when entomologists are asked why 
after many years of stody on а eartain insect they ore not able to 
immediately outline adequate control measures, there is n real answer, 
And ai that the progress made probably does mòt suffer in comparison 
with tha progress mado by other branches of science in the study, for 
example, of many human ailments, even that most ordinary thing, the 
conmoti : 

Canserration af natural resources involves treating of insects; шыі 
to а far ташыт degree than із now practiced if is & to be real conser- 
vation, You may find thousands of square miles of forested arens in 
this country where the best of tha timber his been killed by inserta. 
In large areas in tha high foresta of the West the losses occasioned br 
inaecta exceed the combined value of timber eut Tar lumber and Багтай 
by fire. Гава thia suggest treating of laneta? Our range lands аго 
denuded over large areas by the feeding of grasshoppers and Mormon 
crickets, Not only de wa leas the range bul an erosion problem la 
emealed. Does not real сотцагтайнха сөрені súgssrhing bem? What 
about the conservation of animals? Consider tho fever tick, the 
buffalo gnat, the serowworm, the insects that prey on wildlife, How 
about tha health of lyumazaT What of yellow fever, malaria, spotted 
fever, tularemia, all tramamitted by месе; amd consider for just а 
monent merely iba comfort of bumana: ia it mèt affected by tha housa- 
By, the mosquits, tha anndily, or the eye gnat, ns well as other 
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Terms not ually mentioned above a whisper? Think of tha Turs, 
the clothing destroyed by clothes moths, tbe furniture destroyed by 
багры bestie, and the furniture and buildings wrecked by termites, 
Dos not all this wopgest some of the reasons for the treating of Ensacta? 

Treating of insets imeluden ану consideration of their distribution 
amd spremd. Man, by his шаага of communication and desire for 
products, plants, und materials found in other sections, has provided 
таппау wapa Bü вррола інінің mio naw ағаһа. — Exareples of this nra 


mumrens; thet ibere are not more of them ie rarprisüng. Бак the. 
enitommologzst hus mot overlooked the importante of thia and the serious ` 


ennsequeneses that may nrise if no restrictions are imposed. Ті haa 
been the extomologiet who waa, and still із, the prime mover in the 
establishment and enforcement of laws and regulations to prevent the 
apresd of plant pests, This has led to the development of another 
specialised Geld in this авла. of treating insects, a field touching 
many activitim, at bome and abroad; activities which affect tha cam- 
merce of the eoumtry шәй the world, requiring the examination of 
ahipa entering eur poris, Enapaetisn and treatment ef pradacia, fumi- 
gation of rmilway бага; ond many others boo numen to mention, 
Specialization im this phase of the work of treating of insecís, one of 
the newer арине of the science, Мая come inte inportance ao recently 
that ita principles and fusdamentals receive only inadequate consider- 
ation im the preparatory instructions offered by many зїїн of 
higher learning. ‘This, despito the fect that the work of quarantine ін 
carried on by Federal and State forces in ав clom ecoperation aa any 
work. in the гей гэр of тыста that сап be mentioned. 

What facilities are available for treating of insecta? In the Bureau 
of Entomelogy йені Plant Quaranting research werk on insects 34 
poing om outeide of Washington aral outdo of the National Артіеш- 
tural Research Center at Boliaville, МФ, at $2 нїд ша in 34 States, 
and sË any ome бай ол soveral divisions of the Bureau may be located, 
йв for example, Orlando, Flo. Research work ineloding parasita atodiss 
is also going са at stations in Hawaii, Puerto Біо, the Cane] Zone, 
Frames, and Japan. Яулаған гэв and coniro] work is being carried 
en at 185 permanent stations іп 41 States and іп Hawaii and Puerto 
Rito. These are manned by permanent employees and do not taku 
into acoount the large number of seasonal or temporary employees 
weed in various fentures of the work. 

When entomological work im the United States Department of 
Agriculture attained the status of a bareas July 1, 1904, the appro- 
ргімісе was $52,450. This seal year it im 85,317,675, with 1,821 
permanent employees. In addition Шыға have bean made available 
during the past year $12,000,000 Їл emenpency funds, and last. scammer 
the paak employment figure was 27,000 people on pest-control projecta 
pald with manene funds exclusive of regular approprivtions 
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Тынла] and conumercial comcern lare also entered the field of 
treating of insects, studying and developing facts ва well as produci 
mibterials used for control and applying trentzmenta developed. p 
esmmnercial and industrial aspect із additional recognition of the science 
of entomology. The science that ¿resta of insects must not oveddook 
its importance, for im ite application indestry hos an metia] part. 
What is the practical importance of kmowing the toxic effect of а 
chemical on the insect ualia Podlisstry com make it available for use? 
-—"Entasmelogieal work haa grown rapidly in colleges and univeraitiea. 
Бала nxperiment stations ага accomplishing things of great impor- 
lance to agrivuliure and to humanity, The State of Florida, for 
example, has profited more than i realized from such work. The 
erudication of citras eanker in thie State зате! the citrus industry. 
Tt waa accomplished by men trained in entomological and eradication 
work, The eradication of the Mediterranean fruit fly waa accom- 
plished amly basmama man trained іп embxmalogisal work amd in 
eradication practices were in Floride and available; not only available 
but unafraid and with thai vision which im necemaury to great accom 
plishenénts. Іп thes tusa proprio alone major eutüsirophes were 
averted, 

бо, finally, what  eatomology? That branch of ос ору that treat 
of insects, na Mr, Websteraaid? Undoubtedly, and much sore, Itisa 
science that contributes maternally add without oxtentalión bo [ш 
health, comfort, welfare, and happiness af the human race and of n 
large part of the animal kingdom. 
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MAIZE—OUR HERITAGE FROM THE INDIAN 
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[With 30 зіне) 
ISTREODUCILION 

AH of our cultivated cropa were domestionted іп prehistoric Шинэ, 
some of tham im ibe (Xd, other in the New World. Wian tha 
Europeans discovered the New World, they found a highly developed 
agriculture extanding ever most of the two Americas and the estlring 
islands, “This agriculture wis based on plants unknown in ihe Old 
World, and the cultura] system followed made no use of beasts of 
draught and borden. Aboriginal American agriculture wna wholly 
msn], ond the crops raised wore болин! directly by the preducers. 
The ошу domesticated animals of the prediscovery Americana were 
the deg, the turkey, and the llama. 

The key crop of the New World agriculture and the chief basis 
of Indian economy waa the noble grass we know às соға, ва Indian 
cor, от as cur derivative of its Arawak name—maize, Although the 
European races hare largely displaced the Indian population of the 
Americas, corn has retained its place ва the principal crop of the New 
Wend. It ia green in every State of the United States and ін by far 
ihe moet valaoble кіпгіп crop produced іп iba Woatern Hemisphore, 
It із the only domesticated plant that саз bo grows over the entire 
тавре of climate, scala, and day lengths found in the territory extend- 
ing from the Canadian border through the Central American tropics 
to southern Chile, and from aca level to an altitude of 12,000 feet. 

Ne other cereal is as useful tà man in sò many waya. Mot only 
ато the sends borne in handy packages of from 500 to 1,000, but they 
are edible amd nutritious long before maturity, The бага of 
corn lend themselves well to storage, and the seeds, being caked, 
require no threshing or winnowing, The crop produce more food 
value per ший of area than any other grain, though of course lean per 
man-heur then the Old World cereals such as wheat, which require 
no бїтї after planting. The Americas agrieulboral aystem, based 
on hand labor and involving either irrigation or the clearing of foresta 
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every few panra, required в cereal giviag maximum returns for the 
land used, And in maize the Americam Indian developed à food 
plant capable af sxpporting à family of five for an өшіге year on the 
production [топа 4 Acres. 

Not only ure the senda of corn edible scarcely 3 weeks after fortili. 
тайоп, but other parte of this plant жеге eaten. Тін Indians mada a 
palatable seep from tha corn pallan which is produced ін ach great 
врат але, and ibey also prepared a food from the ішемін. Even 
the fungus parasite—the common smut—[urpishes а food highly 
Appreckbed br багтан Indian tribes ef Maxico, much aa the Chines 
тиісе the amutted shoots of wild ries. Maize, however, | i 
more than mere food to the Imdiam. ТЕ was an important part of 
his religious life, and quite early the element of art entered his breeding 
of this gress, for in no other way ean we пена far thé highly decors. 
ive features of this majestic plant, The seeds ran almost the entire 
gamut of colors, and red, bliss, black, brown, pink, yellow, striped, 
banded, and spotted are common among the coma af the Indians. 
The various combinations of colors and patterna and of seeds upon 
Ша car afford an almost endless variety af 

Altbough we have settled largely on velles amd white seeds in our 
comznercia] vazietion, the rejected colors are still appreciated for their 
ernumental qualities, and the Indians retain a preference for the hise 
senis in the preparation of their corn cakes сг tortillas. 

In addition to seed colors there із a great variety of seed shapes and 
iisas, ranging from the diminutiva pointed рорсогц seeds, some smaller 
than в kernel of whnat, to the giant disk-akaped of the Cusco 
cem, Thes latter are му lange, often approximating tha diameter 
of a quarter, that after being boiled they are eaten singly like grapes, 
the endosperm baing тұзға out of the cater skin or pericarp, which 
is then discarded (pl. 1). 

Aside frees the needs there is a great range of plant color. In our 


commercial fields of com we are accustomed only to green planta but 


there аға талсча kinds of rod, purple, and variegated com planta, 
seme of which at one time were listed іп the Sewer catalogs and were 
med ая ornamentals in the eireular flower beds common during the 
casi-lron deer ern. 

Com was an object af veneration іс the Indians und figured іп their 
art nú less tham in their diet. Tha plant was skillfully formalized 
lor pottery decoration without awczibcing Ия distinetive charecteria- 
‘tea (Би. 11. Thi feeling for the decorative possibilities of the оого 
Plant was shared by the peoples of the Old World, In far Кіррез 
where the aria ага close to the land, the immigrant corm plant waa used 
as enrly ал the saventeanih century to achieve a strikingly beautiful 
"ect ва ia showa by the майыша screen now in the Freer Gallery of 

Ё. 





* 


In our country before our agricultural 81462644 808 were swamped 
by the industria] era, the com plant had begun to find ita plasa in tha 
decorativa arta, Benjamin Latrebe, who had so much to do with tha 
buiklizg of the Nations Capitol, made usa of ғаға of corn іп à design 
for column capitala used in that structure at the entrance to the old 
Suprema Court library (pl. 2). Thesa capitals are the oldest known 
replicas of maita wrought by Europeans. Ther have atoed in ыг 
present location since their installation, haring survived the burning 
of the Capitol by the British. Most of ihe other adornnseata of the 
Capital have bean shifted around, altered, or rebuilt, but these corn 
columns, like the living plant in our civilization, have remained perma- 
nent. Сиг воч егп planters, too, carried their devotion to agriculture 
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with them when they built their town residences, and several stylos 
Of attractive iron tors fences sill enclose some of the gardens in New 
Orleans (pl. 3). 

At the present tinse with the shift of our population from the farma 
to. the cities, the clas connection between сова asd our prespeniy 
їз пої appreciated. Indeed, шаву persons have only a vague idea of 
just what acorn plant looka like (pl. 4]. Yat we are today very mech 
proximately 16 bushels, The agricultura! Indiana яам лг prim- 
сарайу on огу euch во tbat in some places this grain comprises 
88 percent of tha diat—do not consume more. tis true, corn does not 
enter directly an completely into our diet ва it does that of the Cantral 
American Tediane, bat it is an important part of curecomemy, 

Amida from its materialistic value, maine haa also become important 
to eur intellectual development, for this plant he proved io be 
almost uniquely Étted for determining the facta cf heredity, Students 
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of genetics, the seienee of heredity, have described and analyzed 
several hundred mutations in maize and in so doing have advanced 
өше knowledges ef bow traits are trinamitted from one репегийёол io 
Another, By means of the maize plant they have solved many of ibe 
problems of the tall mechanics Involved із reproduction. 

Despite its importance in anciend and in modem Une, nothing 
certain is keen ms to ihe ongin of com. What litte knowledge wa 
тсамяа of this subject results from studies іп the diverse sciences of 
‘morphokey, gesetiea, amd eytalegy. The attempts thua far made Бо 
remastruct the probable past of this perplexing cereal, to the satzs- 
faction. of all students of the problems, have not met with success, 
То n large extent the diffcul£y of drawing а fauliless picture of the 
origan of meim resulta from the cantradietory evidenre mupplisd be 
the plant Иә, Тым can mean only that some of the essential pieces 
ef şêr рага ага miexung оғ рағһара аға bing хөг Мон, In any 
erent tha lack af acoord ameng corn experta ia an indication of a ios- 
tained and healthy interest which анша lead eventually to а happy 


ending. 
НЕТО 

In eomparsen with Ия antiquity һа a domesticated plant the re= 
corded history of corm ін brief, balng limited, of course, to the years 
following the discovery of America. The first definite date in the 
history of maize ia November 5, 1402, when two Spaniards, dispatched 
te the interior of Cuba on Octabar 28 by Colambua, returned to report 
that the ground was sown with “a sort of grain they call maize, which 
was well tasted, hak'd, dry'd, and made inito Sour." No record kaa 
been found of malze having reached dhe Old World prerioug to the 
voyages of the Spaniards, and the botanical evidence is conclusive 
that maize originated in the Western Hemisphero. After the voyages 
of Colombus maize spread rapidly throughout the ОВА World, reaching 
China probably early in the sixteenth century, 

Carn, of бале, із referred te in early colonial documents, all dhe 
accounts showing it to he а completely domestionted plant nertured 
br the Indians. The Indians, whose welfare depended upon this 
Plant, attributed ila ongin to the gods, nnd seme of these legenda 
orally preserved through the centuries hava heen recorded. Many 
elaborate ceremonies were evolved to insure the welfare of this cereal, 
but neither the legends nar the ceremonies afford any clues аз іс how 
com earns із be Ehe plank it is. 

Tie first written records, then, ahow thet com 400 years аро was os 
itis today amd the Indian accounts of its origin, though poetic, nr 
but fanciful myths. Fortunately, the archeological pPésard is more 
extensive кіні embraces a much longer period of dime than the printed 
&ecounia. Excavations im Bolivia and in Paru have disclosed сага of 
corn perhapa 2,000 pears eld, and is cor own country, Basket Maker 
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buriak in Utah, roughly n thousand years old, hare yielded perfectly 
preserve] ears (рін. 5 and 6). From the movands of Ohis und the салон 
of the Ozarks have ome charred specimens of grain amd софа that 
show corn in no was different from the kinds that must have been 
grown by the Indians of the вата ragion within Ван times. 
The бага of corn from the Peruvian graves interred about tha begin- 
ning of cur Christian era cannot be distinguished from the ears pro- 
duced im tha sama region today. Similarly, the eara of com buried 
ly the ancient Basket Makers are duplicated today by the еше 
harvested each fall by cur Southwestern Тойзааа, 

In eddition to the aetual eara peeaerved by interment under the 
exceptionally favorable eopditions in the soutlnrestern United States 
and wesberm Бели Алаанен, thara 12 the record left bv the ancient 
patiers who choss the ear of бог für овгагий decoration. Excellent 
replicas of ears ane found on the pottery of the Aztecs and the Toras 
(pl 7). Indeed, во excellent was the replies of one esr that for а 
number oí paara it рань among та as a truly Бонн sar off corn. 
These pottery replicas and кейн sara all attesi thet corn нь we 
know it today was а Énlshel prodect at least 2,000 усал ago, во far 
ns its distinetive hotanical сНагаг аг а are concerned. 

Although these prehistoric ears аге small ecoording to our standards 
sl шіге the Шширгоаяина thet the corn of the Americas Indians was 
diminutive, ав à matter of fact the longest вала ингэх were produced 
by Indiana, Indeed the праг. ват, ore mearirimz 18 inches from 
the basal to the apical seeds, was produced by в Navajo Indian (pl. B). 
Eara 16 inches in length are not infrequent among the oom of the 
Indians of Gustemals and Merko. Eighteen inches, however, im 
about the limit іп length, as the pollen tabes which must reach the 
üvary for fertilisetion cannot travel mich farther than the 2 fost 
тирейт ію reach the loweat ағы qn am esr of thia length, 

The corn of the primitives ік not primitive corn, and although none 
of thea ears of exceptional ste haa been preserved іп anelant beariala 
there ін Little resson for doubting that such ears were produced long 
before the Discovery. Certainly they are grown now by a people 
little infhaenced by European саға. Indeed, the cornfields of the 
Tarahumare Indians of Mexloo—care duwellera and bemw-&nü-arrow 
pesple—ewüouldl be a credit to masy of eur farmers. 

The charred бора retrieved from Indian таба and йн mid- 
Шеге ame indeed small, nnd it is easily understood why they шрген ñ 
primitive form of mses, From their sine it in umresasonahle to belie 
they bara Есгенін ва лера аа these of nur comumerenal varieties, and 
kernals cmenensurais with the aie of the chamei coba would be mo 
larger than grains of wheat. However, when cobs of our commerclal 
varieties are barned they ahrink in size until they are indistingusshabla 
from the exeavated ancient remains except that the prehiabone toba 
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Балта become Йан) by the pressure of the overlying soil duriag 
their centuries of burial (pl. 8, fig. PD. Not only do we not bold thà 
record for the largest елга, buat all the other records ага held by the 
Indians. The smallest сата ire produced by the Indians of Peru as are 
alan the largeat and the кезі ней asada (nl. 9, fig. 2, and pl. 10). So 
bon with ihe plant itself; the tallest corn planta known аге grown by 
Indinns in Mexico and Central America, where stalks 18 feet ін інірін 
ата nob uneammon with the баға bores far abora the reach of tha 
grower (pl. 11, Bg. 1}. The archeological record and ie present-day 
culture of the priziltives then shows com fully developed but. дорів 
зэ evidence ка бо how 14 might have originated. 

In none of the Indias burials mor among living planta hea anything 
been found gaggesting в primitive pre-corn, No planter plant remains 
that could be classed as direstly involved in the ancestry of maize haa 
been discovered. Maize aa тга know it today extends backward in 
uma to the сага graves with no stages intermediate between our 
Фот and some lesa kaphly domestionted plant, 

This highly domestiowted cereal fursushed the foundation of the 
ihres remarkable Indian civilizatiore—Minya, Таса, and Азы pat 
even today it cannot be зад with certainty where, bow, ог when com 
Origine bed Dedinite алате Et any one of these encertainties would 
gn far toward solving some of the perpleving questions of thé antiquity 
of man and his civilizations im America, for шана and man are 
inseparahla, 

Bings the historical and archeological record sheda nn light apan the 
origin of cora, the inquisitive must turn to tbe botanloal and genmiis 
evidence. Like oursüvss and our animals, all plants must have 
bad ancestor, and corn їз no exeeption. Те твоят the origin of 
com 14 із only required that the ancestors be found, bot о far bis thin 
Plant progressed beyond the horde of untamed grasses that experta 
ed ee зав (ы mani of Эн 
Teh 5-8 

Corn in never found Is the wild noz, indeed, can H survive without 
the tare of mam. The very quality thet makes it such a useful 
domesticated planê, the tight adherence of the kernels to a ech 
wrapped in multiple layers of husks, чийїа i$ for survival ns a wild 
plant. In having this charseteristic it locks the means to distribute 
ite progeny—a fatal failing for an anneal plant foreed to aurviee 
unalded iz competition with readily diffusing wild species. 

Ме ether cares] has вэ compledaly lost the ability ha egw the next 
generation. Indeed, ahattering of seed is still a problem ameng all 
grains bat сого, # that іп this respect maize must be classed as the 
world’ racat Exch] y deaneeticated тїш. 

That corn cannot persist aa a wild plant, even under favorable comdl- 
ilonê, ia accepted by all botanists. Even with competing apacis 


- 


| 


Е 


MAIZE—KEMPTON X 391 


eliminated, the bundreds of young seedlings thet spring fram a buried 
ear of corn, all within the space of a few inbes, struggle with each 
таи "ater аа nuinenta to tbo ond hai nome аваг». 

producing seed (pl 11, fg. 2). Maize, іп its present form, 
Минсога--а form it haa been seen was attained at least 2,000 years 
кро mist have survived wholly as the result of man's sclicitade, То 
the American Indian must go the credit for developing corn from ita 
wlll азсейіюге, bringing i$ to Ия present high degree of perfection, dis 
iributing it over two continents, and malntainiag it for severa] Шинь 
sand увага. 

Unlike most domesticated plants of the Old Work, whom ancestry 
is not њо beclauaded, њо one knows what sort of wild plant the American 
Indian had out of which he fashioned cara. Botanists hare placed 
corn in tbe tribe of grasses called Тгірявсеве, the members of which are 
difareniiated from all other related tribes in having iber sexes in 
каратай атал, Thà separatssn of the senes ta considered to be 8 
fundamental distinction in plant classification, though im tee caso ed tha 
corn tribe it oddly enough products в siranpe grouping. Оп tha 
Pormal apatematic elassafisation, in addition ёр ila American members, 
the maize triba includes ñ group of Asintic grasses, the bead known of 
which is Jobs tare (Cour lackryma joti) чча To Cecidentals 
the i pert of Job's isara is familiar һа bazda, hut to the 
Burmese, who have developed many selt-ahalled forma, thia plant an 
important cerea]. ТЬе other Asiatic members of the maize tribe have 
nob appealed to mas and remain ая wholly wild plante under the Тоть 
enidahla nam of Selarachna, Polrtoca, Chionaehne, and Trdebachne. 

It should be kept im mind that thems Asistio grassa hawa bean 
placed im ibe mama tribe with maize largely because of the fact that 
their белге are borne in separate spilkeleta. In appearance they da not 
suggest maize, and in some respects they occupy в position inter 
n»ediste beiwecn the Tripsaceas and that group of gignniss Old World 
greases, tha sorghum tribe (pl. 12, Ёр. 2). 

The American relatives of шав fall into two distinct groupa or 
genera, known to botanists ва Tripsacwm nnd Ewelloena, ‘The former 
i commonly known ав pia grass (pl. 13, бе. 1) amd tha latter ia 
becoming familiar under the Aztec nama, taosinte; а папы which may 
be translated as "god grain" (pl. 18, Gy. 2, авд pl. 14). 

Tha group of gama grues ін widesprond in North America and the 
EA Ê уншин member of this grep, Тғпрғатыта dzelglaides, common 
im the United залез, haa bees found in South Amorioa (pl 15). How: 
ever, the center of ibe genus appears to be іп Mexico asd Guatemala. 
In thosa башайнїна this ganun & тарттым Led hy куа яннан and intar- 
specific hybrids, several of which аға quite бга in general aspect, 
ehindly beze of their large broad leaves and many branched teasel- 
like terminal inflorescences. The богато member of this genus, 
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T. dachyloidus, and amang the least соға Ша, haa bean hybridized with 
бота, thus proving à definite relatsonshzp, though from tha fact that 
eich hybrids ате seli-sberile it is concluded that the relatbenship ін 
reza. 

The grass known as teosinte has been found only im Mexico and 
«Томат. Aa yet, hotamista recognize bul two species of teosinte: 


called №. perensár. “This latter species haa been found only in в very 
restricted area іш the Біліп of Jalisco, Mexico, whereas the annual 
species ranges from Southern Спарта, Maries, te tha Department 
of Jutinpa in southern Guatemala (fig. 2), 

Hoth specia of саша hybridize with com, not only throsgh 
mansi] manipulation best ales when growing naturally im the Geld 
(pl. 18), 

Hybrids between corn and the perennial species of texünte nre only 
рагі ір fertile and аға perensial in babit. Мо H they re- 
semble teosinte mock mars closely tham agen. This failure of tha ten 
parente to share equally in ihe characteristics of their mongrel ed. 
spring has bean explained by һөт of the hereditary mechanism of 
the two grasses. 

Tha qualiises of every individual, be 16 animal or plant, are deter- 
mised primarily hy the inheritance derived from the parents out of 
whom И was былой. This inheritunce, since the rediscovery af 
Mendel's epochal werk on hybrids, is known to be particulate in 
nature, tha paranta passing on to their offspring definite particles now 
татын! penes, ‘These particles are carried in the cells in strings eallad 
thromosnmes, and for every apecies there ін a chazacteristin number of 
anth siringa. In sorn it haa been found thet the genes oz hereditary 
particles are carried in 20 siringa or chromosomes, nnd such ia the nim 
ber found in all annual teosinte, but the perennial species of teoxinta 
possesses 40 chromosomes, This double member of chromosomes із 
presumed to have come about by the failure of a sex cell to divide ita 
chromosomal content or hy в doubling following ferbilization—a prot 
ens that would gira the resulting planta ав amira mei of genes. This 
the hybrida botureen perennial tecainte and corti receive twice яя many 
hereditary particles or genes from the teosinble parent as they do from 
Шы corn parent and this disparity aecceunta for the resemblance sach 
hybrids bear to the grass, сон иг. 

The annual form of teosinte kybridizes more freely with maize, and 
the hybrid offspring are more nearly intermediate ін morphological 
atructare between the two grasses. Thea hybrids are бей егі, a 
інгі thet аа л Ін нн а very close relationship between the ue parental 


generm. 
Natura] hybrids between teosinte amd corn found in Marisa ware 
misñakónly interpreted once ав wild maize, amd in more recent times 
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seed af these hybrids mes utilized by Laiber Burbank in Ма widely 
publicized derivation of comm from teodnte іп 18 generations. In 
both Мілу amd Crunsbsmasla the Indians &pprecinte thet teosinta 
hybridize: with соға and that the early generations nre unguitable 
ва grain. Observation has базы theen, however, that. repeatedly 
pechcroming ibs hybrid with tha таана parens will În a short while 
eliminate tho charseteristica contributed by teoumte. Ib ia pom- 
monly stated that if the hybrid send is sown for three generations 
with corn it will iben become a gort of com with small enrs—n fori 
which may socount for ibe Aztecs having used the designation 
Їнэн. 


In awmveral reginna of Marien ihesi hybrida af varius pene lions 
and of backcrosee are found around amd in cornfields im great 
profusion, 

WATHPLACE ОР MAIZE 


Ав it happens, ibe place of ihe отіп of тив may bé located 
with mere certainty than the manner of it» origin. The exact region 
of arigim of any cultivated plant ia not known, bul botanists hare 
formulated twe guiding principles which, when jodiciguely applied, 
produce тоқа іп results, It has been noted that, other things 
being мұзы, a apscisa ін loas varinb]a on tha periphery of ite distribu- 
tion than near ita center. Presumably, in wandering from the site of 
origin, caly e part of the inherent variation із carried slong any one 
path, sa that ні any point om the ouier circle of distribution only а 
part of the variation ін represented. Tf the whole citvumference of 
disiribusiom be traversed, probably the entira mange of vnrintion 
ром to the Ерөөл would Ba encountered, but this range would 
Ба found all im ome place only mf the center of origin for tha aperita, 
Applying this principle to locate the origin of maize would pul the 
ӨГ this сымы in Рага, for in the region of Pera and 
Bolivia cccur the greatest mambar of maiz varieties, As with 
broad generalizations, there ага excoptices io ihi one, Other 
err cen Gina ed v eke гт чэн учен ee 
plexes influence the variation of ñ өресіне. Thus the тегу natare of 
the Paruvisn terrain would explais the multiplication of maize vari- 
кйм, Cut up iets mamaw valleys intereernnsunieating only at the 
idibaje and extending from sea level to great altitudes, oven though 
a single kind of corn started its wey up all of the Peruvian valleys, 
the necessary eeloction for adaptation to diferent onvirenmenta and 
the lack of ready interchange of ed would result in time im each 
valley having com differing from that of the others. The 
Peruvian tarrain would ba expected te prodace the multiplicity of 
cor vürieties Bow found there eren though a aingle kind of corn had 
heen introduced. 





س 
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Although the principle of greatest variation at the center of origin 
muy be discounted, Реги has another claim to the origin of maize in 
thet ib had à prehistsre population ef exeepüenalh skilled plant 
domeatioaters. All the evidence points to the Incas and preIncaa 
ал being very able agriculluriste, amd ibose people regularly culti- 
voted some ТО species of plants. The archeological evidence alus 
points te the origin of pottery in Pere and Ин dissemination porii 
ward through Central Amica into Мелісо, With char evidence 
ihai Peruvian pola morel into North Amaris, it would mem logical 
із собеб а that thelr grain might follow the sume route, 

The real stumbling block to looking upon Peru as the center of 
origin ol шинэ. li in the unzüabakathla feed Ши corn relative аға 
net now found there. Iti diffheult to ee bow oorn «vuld have been 





fuma p Peery жоны maii кр nha Мата ынта si лын ыы 
war ej anm. 


developed without some plant to begin with, ко that proponents af 
the Peruvian origin of malze are foreed to adopt the position that the 
wild andeor of maize has been completely aradiented — Until all 
сог hypotheses have been exhausted thin sterile conclusion should 
be held in abeyance, though there is undoubted evidence that much 
ef the original flora of Paru has been profoundly altered by buman 
cemipation.. 

АЙ of the koowa wild relatives of maize are found іп Guatemala 
amd Мана, amd thase Нарийеа ara ваай caly із Femi іп tha 
number of maize varieties At the present time the largest urea 
covered by the closest wild ancestor of maize is in the Department of 
Huslastenamgo, of noriühwestern Guatemala. This төріме ін now 
occupied by descandanta of that highly civilized group of agricultural 
Indians, the Maya, and the атта ін dotted with the maeonry ruin 
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of the early Maya peoples Since Шин region embraces the maim 
ancestors, the maise variability, and bad a people fully capable of 
developing maize, it is ага їл better than an idle puwa to place 
the origin of maize within the territory now covered by the Mexican 
Diajo of Chiapas and the Guatemalan Department of Huchsetenango, 
with the eephasis on the latter. On this view maize migrated aouth- 
ward as well ая northward, the movement southward possibly in 
exchange for the pots of Peru, 

The prwent-day descendants of the Maya living із the region of 
хний do not use the Actes name for this plant, but have the Maya. 
mame Бойе or Salicim, т 
word for corn—ixim, Farther alk in Gualamala the Azis: nama 
of this gress reappears in the Department of Jutiapa, Бас the Aztecs 
are known із have controlled this region of Chastemala through a 
Faia ka along the coast extending even into El Salvador as Тағ as Santa 
M THEORIES OF ORIGIN 

Tiere are several theories current as to how maim may lave been 
derived from Ия existing American wild relatives, АП of thee 
theories have their merits алый me one of (hem offers à definite pali- 
tion of the mystery, To understand something of the difficulties 
inrelyed in the transition tram the known wild relatives of malto 
ta tha cultivated cereal it ін esanntial to understand soma of tha 
principal differences belween comm and ita relatives. 

The most familiar рагі of the corn plant is the ear which botanically 
шилж. ü conundrum amd & meoeatregity. Ма miber ртала paa- 
eras such a meni-bearimg organ. Naturally, confronted with such 
в Tascinatinz problem aa the origin of the ear af corn, botanista have 
proposed separa] theories ая to bow thu structure өліні have been 
derived, "These thoories are mot in agreement, and several of them, 
ibsugh plusehle, do not take into consideration all of the morpho- 
logical facta, 

АШ authorities recognize that the ear of corn is а transformed ter- 
minal inBorescenoe of a Interal branch and that lis covering of baaka 
cane about through a shortening ef the лийг га. Tha buaka ата 
in reality lead sheath that іш sone varieiles, especially of sweet com, 
ЗИ bear wellsdeceloped lif blades авд «ШІ retain buds an ther azila, 
Cecassonally an ear stalk loses the brachytio features of Ня internodes 
and the result is ап ear at the end of a vegetative branch (pl. 17, fg. 1). 
Of at Eirses tba buds develop helen: tho ear-hearing nodes and the 
тармақта branches or &uckere, in which case the resulting рата 
are sean Fú be iniermscdiale belween ears ond иж, 

In the wild grass, esinte, there is a bed In iba axil of every leaf 
except lhe uppermest, and wellgrowm plenta have ñ herring bons 
branch pattern with a branch іс the axil of each leaf except the upper. 
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most (pl 17, fg. 2). Thess hramches are bornes im m tweosranked or 
disticbous arrangement. Engh brunch beginning with the uppermost 
amd Флага haa ana Їнэн nada tham the ona next below. In planta 
not во well grown the intermodes of these branches often do mot 
elongate, thus leaving the entire branch streciure enclosed in the 
baitia moich as the husks encloses the ear of maize. Іп thea cases 
the number of sheaths ia thal corresponding to the position of the 
bmach on the tain axis. 

Tn mat types ef corn thara ara ва bada in the axila of the loaves 
abore the enr and ibê ear is borne in the axil of the fifth ar sixth leaf 
from the top, а position that im teosinte would give n brunch with 
ватев or tighi nodes J, therefore, the car ûl dûra haa come abeat 
through the telescoping or shortening of а branch at this position tha 
enr should be весов іп seven or «ші hak, Actually in mat 
commercial varies iba husk covering ia mach greater than this. 
Either ureer&l podes above the esr have bian loai or ext modes here 
been intercalated on thé sar branch. 

The terminal panicle of maiss, ór the Мәні, із ehar&etorimed by 
hiring the branching region well de£ned with branches borne more or 
bless of right angles from the axis, and the panicle terminates In an 
гос angen koowa aa the cen ira] apike. Ja maite са тураа ku a con- 
tinuation of Шы axis of the ралігін or rachis and ін covered with paired 
spikelets arranged in eight or more rows (pl, 19). 

In teosinte amd in gama grasa the таг does mot eentinue bevond 
ihe branching region, and the panicle terminate іп а branch im na 
wise difering [rom all the oiber branches (pl, 18), On it, аз on all 
the other branches, the враки ага іш four топта, 1. a, tro rowa of 

8 
Тола ый М itus ий ба шал айа эшл wai Ы аны 
te the tassel of Беата, Ti waa siriy realised that the sar of corn 
waa the homologue of the central spike of the tassel and there ia no 
disagretment om this score, The ear is envisioned as having &risen 

в dranefarmation of mala inte Tamala ар еей with the sup- 
pression of one flower іп each spikelet, lose of the lateral branches, and 
shortening of the intemodes. By this miasa an ваг of com could 
be derived from the terminal panicle of a latera] branch (pla, 20 amd 
211, 

Although this picture of how the ear oould be derived from а corn 
Vasael La ааа асоту, ib Tala ba Rake info ахаа that the organ of 
the tse] —ELhe central apike-—from which the ear ів to ba derived is 
ns mech in need of nm explanadion ва the enr itself, The problem of 
the origin of the ear thus becomes the problem of the ongin of the 
ентіге! spake ed the tassel. 

The earliest explanation suggested for the origin of the tar whe 
{haf kb casna аниа! fhrosgh a Duaon er [aselañtiea of the brancbes of 


aoe АМҰПАҺ MEPOMT HA&DTIIEOMIAWN IHSITTCTIONM, шет 


maine Lael. m 1a #0 recurrenea of bifurcated 
and fasciated гате and esntrál spikes but has obtained oo histological 
tan£firma£inn (pl. 21). 


A second ragga on has been made that the central spike cama 
about through tha euppreasion or reduction of tasse] branches into а 
simple pair of spikelets, thus leaving the central axis surrounded by 
paired spikelets, This theory derives plausible aupport from oertain 
peculiar branched forma of шагай where the branches extend [n ал 


tines wuübaequent to the fied, в great varieby of intermediate forza 
ing аЙ degrees of transition from tame] branches to paired 
өркенін (pl. 22). 





Although wholesales nhertism ін not a very явааг explanation 
on which t» base theories, 16 cannot be ignored in comsidering the 
organ el ihe ват, "Those who reject the fnscintion, brunch suppression, 
or yoked spikelet explanation of the origin of the саг are left with the 
theory that the сал, like Topsy, just developed, 

In the present stata of keowledge of the carm plant the ides of the 
origin af the central apice of the tassa] by the euppreasión of branches 
offers the moet reasonable explanation of this organ, amd poro given 
the central spike, the ear can be derived without furiker controversy, 

What caused the supprimina of tha branches of the tassal, if in fact 
that із whet happened, and what specks of grass hed the branches 
supprime in an entirely варагвый problem. Nor 1я theres amy achution 
df why in maliza beth membara af tha pained female spikelets develop 
While іп ай ober members of the tribe one member of auch pair is 
ғарргеяяні, Неге, too, there are several theories, Ong school of 
ШЕ has oorn deritéed from teosinte by gradual evolution axlad in 
ita Inter stages by man. Allied to this explanetion im the кирраа аа. 
that maize originated from teminis by mutation or a series ol muia- 
tions. Tha гапа] dzifaranea batwean oriin by mutation and origin 
by evolution and selection ін one of the magmnirude of the stages. 
ЇГ the mutations were many and of anall effect there is го difference 
baimen tha two, bot if maisa aprang fallfledzed аа & single mutation 
from Lecemte the two theories are quita divergenk. А second group 
belde thet corn and ieosinte developed from a plant something like 
FATA gram, tha two genara splitting off from ihia бїтїшїн. айыға, 
“The proponens of this theory hold that the line which developed into 
maize consisted of plasia more maaselike then басан but still able 
to nirvive ав will planta, "Their usefulness b5 man stimulated selec. 
tion, ard eventually the wild plantè disappeared preeamebly to сопе 
found the students of maize, A third suggestion has beon made that 
maize hes heen developed from n shance hybrid of teminis and some 
other grass not apecitiod but indicated һа probably belonging to the 
morghem tiba. Each of theses theories has merit Шинийн name offers 
йогу explanation of all the facte, 

The floral unit of the grass family is the spikelol, and in the tribe of 
which maize is a member, the male spikelets are borne im pairs, ana 
stalked, or pedireled, the ether without a stalk, сг seili, each apike- 
Мі containing ілге flowers. Tho female spikelets of all the maim 
гале ага borme singly and аға one-floweesd—ene whole apikelst 
and ana Hower having been suppressed, but ің maia tha femala 
spikelets аго still paired, though normally each develops bus s single 
flower, which explaina why the number of rows of kernels оп ап бат 
аға found im gnultiplea ef two. 

"Tha senda of moast kinda of шийла ага пай, the giuria of the fe- 
male apikeleta having bezozae groatly reduced la siso and membrana- 
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eons іп texture ‘There ін one rca pizî to this oondition—the kind 
of corn called pod corn where cach өгей із enclosed in ghames which 
in enma attains ane groteaqualy enlarged (pl 25, fig. 1). It wea 
thought at one time that this Urpe of corn represented the ка 
er prünilivo зайн, When moderately developed, the glumes of pod 
vorn represent s lesa specialized condition, and bests à шөге primi- 
tive form, than the membrazaeecus glumes of the ordinary types of 
йт. Howevez, it does not follow that pod corn is the primitive maize, 
Tt haa been shown that thia peeuliar trpe does mot bread true and oan 
шү survive as a hybrid with the mormalform. Apparently the pura 
form of pod corm із eterile—not & very satisfactory condition for ад 
ancestor, 14 за true thet dhe podded condition за dominant to the nussa 
form, in hybrids between the two, and met wild types аға dominant 
to tha derived forma. Also the cobs of pod corn easily become broken, 
шейш la aeparals the protected sesia, thus aiding smewhat in ther 
diebribuiíen, aspita ike possesion ef аав attributes of a wild plast, 
pod corn seems mo more able to perssst unaided than the familiar 
menpod forms. Further, when И is crowed mith a form of maiz 
having the primitive eondilien of branched ears, the eambination, in- 
ший of reoonatitutimz n type of maize suitable for murvival im tha 
wild, шұға Fae ba a sterile moeatrosiiy apily called seauluülewers (pi. 
25, Ég. 2). Ped gern themafora, though роздані a few primitive 
featured, HTS be classed With нні host of misfita amd abnormalities 
of which there are scores in maize brought about by changes im the 
ordinary haritahln elamenta ar genes. 

All of tho relatives of maize havo the sends enclosed іп glumes, and 
in aima the cuter pluma has been thickened to cover the seed, which 
іа deeply embedded im в cavity, or &lvéobas, im thé rachis. Other 
maire relatives wach as Cuir, have the seed completely ғасдояғд іл a 
greatly modified leaf sheath, shell-like in texture. These modilica- 
Lions place the relatives of maize farther up the avobtianary tres than 
maine itself and offer serions obstacles to tbe theory that corn has been 
developed from lia елінін relatives by selection, 

Further, maim ін math Laga atahla than ita relatives in dhe абрара- 
thon of the воть basic characteristic of the tribe to which it 
belongs. The davelopment of female flowers іп the фаз] or of male 
flowers on the eur of mise js a commonplace, and many trun breading 
Горина of thes sort ага known (pl, 20, fig. 1), In the relatives of mnize 
sosh aberrations sre practically unknown, өчө! Im the relatives 
of maze apparently having progressed to tha point where the sexes 
nre completely ssparated. 

The chiraetezteizes that 4Шигег Ний maize from iis Го 64 йг 


all im the direction of fashioning а plant useful to man. The large : 


seeds, much langer than is required for iba full nourishment of the 
young seedling, the eur of kernels whereby all tha seeds are socurely 
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fastened in one or ілге packages, the аа of a dispersion system satend= 
ing aren ta tha mals panicle, the brackytic lateral branches and sup- 
pression or toda] ls of buda, im the axils of the leaves other than аб 
the ear nodes, are all features fitting the plant to man's requirementa 
and а Ату it for independence. Clearly then it mb logical to боа. 
хаша that these attributes nre the result of man's coria. Ii would 
be aa unreasonable to етім them to fortuitous variation as to 
accredit tham to а beneficent providence. 

Before шал cold initiate the selection which some authorities 
believe eventually led to maize there weld have to be soma encourwg= 
ing еішгенізгінііг, &nme ли! part, ón the past with whieh һе ага. 
Now mn moore useless grasses irom the slandpecint of human consump- 
iion could be devised tham the Amerncan relatives of maize. The 
seeds of teosimis, the most maimelike relative, ore no larger Шин в 
No. 4 shot, are firmly embedded in a brittle articulated rachis and ага 
further protected by a hard е outer glume ірі. 26, Sg. 2). 
They һата tha added disadvantage ef being distributed threughaurt 
tho Plast in apikes of only six or seven that тіреп over an extended 
permed. Tha labar of gathering and the dilhsulty of separating 
етин! өвийн from their covering to furnish а day's food sapply 


There 18 по evidence REE the бөлімі. burials that Leosimle wis 
ever шинэ deapite the fact that the "senda" are almost ideally adapted 
La Дани preservation. Further, had this plant served as humria food 
the chasgea that would have been wrought by selection cam ba vima 
alized, Ан certainly the көкі would have Dnereased im size, 
probably to the pani of extending beyond the өліге үЇнинэ and pro- 
trudimg from the тайа cavity. The spike would have been stiffened, 
and the rachis segu»ents would hare become firmly united. The 
outer glume might have beoome st, and the namber of asada in a 
apiko would hare increased. None of these changes would have led 
te maize but to в domesticated form of teosinte clearly exhibiting Ия 
шында al argum jusb аа the demeatieated forma of the Аяа maksa 
relative, Ceir, ragmbla their wild ancestor. Such в hypothetical 
согса! aa the domesticated teosiato we have sketched would be further 
removed from the wild plant than ara the domesticated forms of 
Geir, which gives some idea of the imo factor required. 

Od course, given time enough, 1$ must be granted that males could 
ална from teinte by selection juat às the troupe of тазпшауа pound- 
ing at random on the keys of the typewriter той in time reproduce 
the works of Shakespeare. This period of time, bomwrer, ia believed 


hs be excasiivn. 
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The mutation theory аЙогав an easy means of overcoming tha time 
factor since by баллар a single mutation it is possible фо originate 
maize from Байа or for that matter from any other gress within в 
single year. (M course, тю ona proposes that maize arose іп quite 
this abrupt эв. However, it hm been suggested that maize 
arese through a series of mutations, өвс leading to а more malsa- 
lke plant, ‘Thus, id w mutation took placa in teninta such that 
senda of useful sian wore produced, man would immedintely enter the 
pietura to preserve auch plants. In time a second matation might 
produce paired female spikelets wach aa ате found in com, and by 
further enutations & snb could have been derived, amd so on until 
all the differences betanten maire and tecainte were obtained. Thess 
mmtations need pot have bees gross changes but each one ргмагтай 
must hove істейм the value of the plant to man. 

Tha evidence againat anything appromching the origin of maize 
through the preservation of relatively large mutations іл threefold. 
Find, nona of the intermediate stages, none of the halfway сага, 
have мып found in the earlimt borials. This is а minor objection 
if the maisiiees took place La remote times Бай it is well to bear in 
mind becnusm perforce it place man in the New World in very an- 
гїн, times, Not px ancient H із гар ва would be reyelred if com 
жеге derived from tecainte by the orthodox means of selecting: sznall 
warlations or small metetions, but measurable im thousands of years. 

Second, com everywhere ін botanically identical. The com of 
North Ameba is indistinguishable im the features which make it 
бота from that ‘of South America. For those who hypothecate п 
relatively ew major mutations this-hemispherio kimmübf of corm № 
unsortunate.- The first motetion making iecainte or aay ober oori 
ascesbor umhal bo maa would have started the plant прав Ин jour- 
sepa, amd the succeeding mutations thet bed w the building ipi of 
maize would have оосштей üt widely воа егей painia and over chess 
iures of time. Each would apread from Ин point of origin: | 


== 


ferent combinations of these mutations waoukl be expected at dii 29 


кізе on the periphery of corn distribution. Widely separated 
regiona of the New World would have had widely diferent өресіне 
of em. We Бато seen that sach ін not the сме. To account for 
tho obvious fact that oom ін cor wherever found we must алапта 
ihbar that enough time hes elapsed since tha Inst important rmata= 
za to permit them to have become thoreeghly incorporated in the 
npecies or the lesa likely assumption сат be пайа thit ай the muta 
diana eventually ereurred пі some one place and the plant wuz dis 
їгїїххїна1 from that paint. 

Although mutations have not been found Em teosinte today, no 
doubt they do бараг but not of an order of magnitude that would 
suggest a development into ша, 





a 
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MALIZE—EEMPTUN i 


In maize, mutations are almost the rale, the germ plam being in & 
highly unstable condition as compared with that of ita wild sm al 
Within the pest 20 years over 300 baritabla variations or mutations 
hare been discovered and the nature of Чийг Inheritance determined. 
Some of tama affect tha structure and appear&noe of the entire 
plant, and if consbdered sirictlr from m systematic botanical point 
al view, planta possessing certain one of these mutated gemes could 
Bú beclasae] ай тілігі but wold fall more naturally into the sangha 
tribe. Indeed the mutation known as teopod, the result of а change 
or mutation in single gene, la of suScisnt meguitede to give to the 
origin of maim by mutation abrang auperticlal apport im that it 
illustrates what profound moliGeatioga can occur as the result of a 
жеріп gene change (pl. 27). 

The moss serious objection to the hypothesis that maize originated 
Tram Lecainte by mutation is fond іш в study of the hybrida botwesn 
these two genera, The characters that differentiate the two penara 
dà Bot behave in inheritance: like mutatione. The oor of carm dom 
Bok segregate ва а urit or a fow unita from tecdnte-orn Foi 
and so with the other characters ірі. 28 and 29). “Thema hybrida 
show clearly that tha two genera differ by hundreds if not tbousanda 
of genes or om the mutation ides that com differs from teosinša поё 
by а few major mutation but by a multitude of small ones. This 
fact rodeos the mutation theory of origin to that of the selection 
of small variations, In reality there іа no difference between the 
twe theories for mutations vary bn their affects, sogna көпе changes 
leading крт тн о Шы ere o, Ыы ы 
езім effects, and the two theories become iheoties regarding 
the lengih of time involved in the process of changing teosinte bo corn. 

Ш corn haa been developed from teinte by the selection of bin- 
dreds of favorable fortuitous: gene charges the period of tima involved 
із sueh that the complete interfertility of the two genera weeds 
explanation, тты тайните асет erm 
have arisen im chromosome configuration such translocations, 
іштегізоня, deletions, polysomics, and polyploide thet would hare 
limited eonjugation and resulted іп sterility. Tho first explanation 
of the persisting fertility of иж genera when bybridized ін thet thoy 
have Е group from the beginning with 
пи ever preserving norm, nabere preaervimg teminis, whila the 
intermediates fell by the wayside. “ААВ from the fantastic nature 
of this kêm on, it finds ñ contradicion in the morphology of the 
ehromoaomea of the two genera. 

When observed at the ирргиргїнй silage of cell division the chro 
moscomes of both tecsnte ond of corn are men to hare distinotire 
emlarpenvenia, globosa іп shape, distributed oleae Шийг langib. 
"These ewellings have been termed "knobs" and they are becoming 
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very ша in the identification of individual chromosomes as they 
pass from one parent to another in hybride (pl. 30, fig. 1). 

Тв teminis, knobs até found only on the ends of tha chromosomes, 
ог, ns in the perennial species (Euchlaena perennis), thay may bo ao 
small nnd indistinct as to be practically nonexistent. [n maiss, these 
kaska occur at various locaticns along the chromosome but they are 
ft found on the ends, | | 

These twe сісесіу related genera, then, are differentiated by tha 
ons having terminal knobs and the other baving internal kmoba om 
their chromosomes. Now there i$ Бо known mechaniam whereby 
the chromosomes of corm can mate with thoes of teoaints, generation 
nilar generation, withowt exchanging emenî. If such exchanges 
hare taken place over the years, then по euch differences іп chromo- 
коше morphology as have been observed should be found. ‘The csn- 
clumscn must be reached that ma auch widespread interbreeding haa 
been taking place unless it із ызаа that all of the qualities thai 
constitute в teosinte plant ss distinct from those that make corn are 
located in or very close to the knobs. To be even remotely reason- 
able this aesumplion would require far more knobs than are found. 
Further, such repeated interbreeding even with strict selection would, 
in Lime, Бажа mide the members of the two genera muioh more alike 
then thay are. 

The third theory of the origin of maize through the kybridisation 
of iecsinte and some uzepecilied grass having soma of the eharacter- 
isties ed the sorghum tribe composes sme of the confacta met in the 
other theories of origin, but гаа. sddiüonal omes. It derives ite 
sixpport freen the obvious fact that the nearest known wild relatives 
of maize pessa only meme of the femtures of maize, lock others еве 
tirely, and are more highly specialimed im still other characteristics. 
Thus the seed spike of Ёёссангйа with Ий single instead of paired apiki- 
leta amd its hardemed ahell-ske outer glume protecting the seed hidden 
im the bellowed stem, or machi, із in these respects more highly 


apecialised than the ear of бога. Then, teo, maize flowers іп the long ^ + 


days of summer and із шагшиай үй to alterations in the length of day, 
whereas teosinbe із extremely responsive to day langib amd flowers 
prompily when aubjeeted to а ahari тәті of daylight. 

Given а parent which would bring into в hybrid some of the char- 
acters розовой by malze and поё by teosinte if would be possibla te 
derive maize within a period of time sueh that the interfertility of 
the hybrid derivative with its parents was not hat. Ti would also 
be possible to ассан! for some of the chromesome morphology and 
would explain the great variation and unstable germ plasm af earn. 
Undowhtedly comm poasemes many charseters thet relate it to tha 
вжрыша інім, many moore im fact than any of its relatives, but the 
possession of Шинэ «тоа аг єв with the Andropogonese docs Bot 
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estahlish a parent and offspring relationship. These two great tribes 
of grasses are clearly related, во that for the mambers of one to have 
кетпе characteristkes of the other is no more than ін to be expected 
even though the relatienahip ia distant. 

The chief objection to the origin ef corn by the hybridization of 
its known wild relatives with some elber grass lies in the uncertainty 
of what grass constituted tha other parent. The sorghum tribe m 
Bude ap largely of Old World grasses, nome of which were known te 
have been introduced into the New World until quite recently. So 
far ns із mew known none of the members of the sorghum tribe has 
chromosomes that resemble those found in maize, though tha tee 
tribes have identical chromosome mumbers Farther attempts ie 
hyhridize corn and sorghum amd sarphum 454 tesainte have failed 
repeatedly. 

This halure іс obtain hybride, bowever, may merely mean that 
the proper comditions or tha proper parents hava mot been tried. 
Hypothecating an unknown parent, is not greatly dilferent [rom сєнь- 
eluding that maize developed from a wild form now extinct except 
that it does net elom tha door во effectively against the possibility of 
recreating maine, The time factor required to elabiliss the kyhrid 
abd distribute ә Ézished product thrvachout the New World would 
probably ba somewhat less than that required on the rejected hypo- 
teneis of major mutations but either would require a very long time. 

Aside from the feet that it boga the question, the belial that maize 
was domesticated from à prv-maise species by selection leaves wholly 
unexplained the interfertility of maize and ініні, if tbe relationship 
of these genera Sa во remote they would mot be expecied to produce 
fertile offepring when ого. It ales has all of ile defects of the muta- 
ten theory іп respect to the lack of evidence of primitive maim in 
the oarleet burials. Further, tecainie ao far ал tested seems to have 
Allelomorphs of the identified ponsa of maize. In some cases not only 
are the dominant allelomorpha of the maire genes present in teminis 
but they are &ceorspansed by modifying genes and іп other сазға 
tensinte possesses granis recessive to threes deminantin maize, Clearly, 
the relationship of these genera is intimate, bui whether they stand 
ін the relation of parent and offspring cansot now be determined. 

If teosinis and maize are on widely М the corn 
[amily tree, an the hypothesis of the development of corn from ап 
extinot osrnlike ancestor requires, it would be expected that hybrids 
between the two ganara would be interzaëdiaña im nature Genes 
which in maize have a charscuš dominant and peraire reaction 
воша behave sa intermediates without clear-cut dozinanon when 
nite with their allelemarphs іп tassista, This expectation fellows 
Iran the explanation of the origin of dominance through the accumus 
lation of genes tending to transform the intermediate condithon 
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exhibited im organise beterorygous for mutated and umnutaied 
genes late that produced hy the most favorable gena combination. 
Thea, Ма tall plant mutated to š short one nmd the combination пі 
the two was intermediate and less favorable than the short, then in 
time, through the gradual accumulation of suppleestary genes, short 
planta weuld come te be dominant to tallones If, on the other bend, 
tall was the favorable sisa thee in time tall would become dominant 
and the two genes, tall and short, that in the beginning gave in tha 
segregating ponerations a ratio of oce Call ti two intermedinte to nna 
short would give thres Зай to ome short. x 

For selection іс operate te accumulate conditioning factora for 
rvutaied gémes the two рева forma must hs brought together. If a 
gene change occurred within a species this changed gene when intro- 
duced inte another species where no much change had taken place 
should give kn intermediate firet generation and exhibit a 1-2-1 
segregation im the send peceration. However, if the pwo species 
теге not widely seperated and istercrossing bad occurred permitting 
both species to accumulate the teary conditioning factors then 
the тос аа should be обе of clear-cut donsinames, 

Ал is often the case when promising lada reach an impasae, в com- 
bination of all of them offers hope of further progress and the origin 
of maize may involve all the processes suppested —eselection, mutation, 
hybridization-—amüd abs» an extinct plant bering characteristics com- 

Hag these of lana hut sót ûl sullicisnt merit from the stand. 
point of man to have entered imbo his dist. By the accidental hybridi- 
ration of tecsnte or some Imalalions of teosinte with sore poch grass а 
plant useful to man could rill, ‘This hybred need mel hare oncizrred 
тіне but selection of the Euid prm plam гезип Фош produce á 
new cerea] relatively rapidly. 

Evia under this combisadon of processes maize stands ña having 
been. created and fixed botanically at such a remote period that ona 
amd only one sort of шана became established over the 
leaving nc traen od ita inlermediale forma. Naturally, М.Буїнз 
was ап important [actor іп the ааа 
engin wan тегу curcuzuscribed, Jor presumably such chases hybrids 
were net of common occurrence. Under this limitation the new hybad 
may have been fashioned isto maize гарийг by means of selection 
without starting в chain of distribution of pre-mnizelikn planta, Tha 
«ініні засна) not have berum or woald not have gone fur until 
the main characteristics of corn were бтай. This would агсагд wall 
wilh the erence on the лэ а 04 o£ maize. 

Whatever explanation is finally proved to be correct, ererrong 
agrees thet in the form we Кения PL today maize gs the result of man's 
akillful efforts, Whether it was derived from а hybrid, ап extinct 
plant, а Fela lion from teosinte, of by orthedox selection, ganeraiiona 
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of patience and of plant genie went ішіп ita formation, The American 
Indian melded his plant material to a higher degree of perfection than 
the plant domestiostors of the Old Wadd did their cereals, possibly 
becsuss his interests were mab divided between planta and animals: 
Whatever the secret. of Біз success, ho created the world's most highly 
developed grain, and that bis task waa well done Ë proved by tho 
wealth added annoally by bis ereatinn not only is the New World but 
in the ОМ World & well. 

Білсе the occupation of the Americas by the Europeana no real 
change bas been mada is corn ктай to discard the gaudy сс огч о! the 
aceda and to eatablish а greater uniformity by the preservation of the 
best of the Indian's product, True, the dent type of corm which forma 
the Балів ef саг Corn Belt varieties probably has arisen throsgh hy- 
bridization of the flict and gourd seed types, the latter known to tha 
Indias ва She соға, We have not even нис ай the Indiana cxltural 
systam of growing the plants im hilla thoggh we hare adapted hia 
system bo cur machines 

With the stimulus to experimental heredity that came at the bagin- 
hang of the century, on tha redisevrerr of Mendel'a principles, сага 
rapidly assumed a leading role ña а subject ideally suited for the study 
of inheritanee in plasta. 

Had the Indian creators of com anticipated such studies ther 
hardly could Бате fashioned = more satisfactory plant, Controlled 
pollinations are made with the greatest of ease because af the separn- 
tion of the aexes, the completa recaplivenass of the stigmas over thelr 
entire length, and the vat quantities of pollen prodeced by a singla 
plant, Common grocer's paper bags and string аге the only really 
essential technical equipment necessary to embark upon the fascinat- 
ing analysis of the transmission of traits from one generation to the 
next. (M course, the experts have added frills to this equipment 
chiefly as в тағала of labor saving in the interests of greater speed nnd 
better controlled pollinstions. Моб сву is the tehnis of crossing most 
simple but the number of offspring obtaized from a single pollination 
ré&chéea ва many ая à Ühousand or more, a тогу great advantage for 
studies of thia nature, 

Added te the advantage: of numerous offspring there із the ad- 
ditional feature that the авын came supplied with numerous readily 
classified characters to which may be added a bost of seedling traits. 
The possibility of obtaining numerous progeny from a single mating 
embracing many readily classified charactors almost oferts the ons 
great disadvantage of but а single generation in û year. Ey tha tima 
the characters already awaiting study had been analyzed, the nmazing 
богц plast had oblogingly provided a host of mew mutatboza ший ал 
the present Lime the inkerilence of some 350 genes ін known and the 
end is notin sight. The flexibility of this plant is nothing short of 
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astounding, nnd eath year finds more mutations awaiting analysis. 

The heritable units thus far atadied affect all parta of the organism 
ranging from genes that exhibit their reeetions only in the pollen 
prides, through sad and seedling characters, to those that alter tha 
entire plant. There are gemes that changa all the female Bowers to 
males (pl. 20, fig. 2), bera that reverse thia process to the anma end 
and changes all male flowers to females. Others undo the separation 
of the sexes amd make ibe plant perfect-Sowered. 

These changes, interesting from the standpoint of heredity, are 
alee of interest En view of the uncertain antecedents of com. Tha 
possemion of numerous genes that profoundly modify sex expression 
` suggeste that maize may have, not far back in Ия descent, a perfect- 
` flowered ancebor. From existing kmowledge of inheritance it has 
planis in equal numbers and cxpable of self-perpetuation. It іа also 
possible to develop a parfect-fowered form of maim with tho seeds 
borsa on the femilier Dassel instead of on an ear and which, if cams 
bined with some of the panes for dwarf stalks, would produce a crop 
that could be harvested with a combine just ва is whent or the dwarf 
forma of grein sorghum 

‘The possibility of improving upon cer heritage from the Indians 
ін very real amd ia commanding the attention of an active group. 
Eren mew, through the atimulation derived from a purely theoretical 
extension of eur knowledge of inheritance, hybrids far surpassing the 
beat тагісНев hera been cbiained amd à жүздеп devised for their бог» 
mercial use, That the future holds even greater things for corn with 
the increase in knowledge of gene interecfion ін a certainty, 
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THE EMERGENCE OF MODERN MEDICINE FROM 
ANCIENT FOLETAYS ! 


Еу Warma C. Азтлажа, М, П, 


[with 1 plate] 
Im юШ matem relating to diseases, ereduliy remain а, 
fermazcent fect, unirduensed hy civilization or mitela, 


Some time ago when I begun to arrunge the notes for this lecture 
on the emergenos of modern scientific medicine from the folkways of 
the ріші, the realization gradually came to me that it hasa't ус: 
quite emerged, and that this fact would have to ba taken into account 
in any discumion of the subject. What I came to seo as I looked 
about me more theughtfolly was that alikeugh in its achievements 
and in ita premise for the Datare, acientific medicine has ixumeasurably 
cutdistanced the folk medicine, faith healing, cult medicina, and out- 
and-out quackery which has always competed with it, these compati- 
tora, which one would think might now be abandoned ax ' 
still flourish in the land, and still maintain their original hold on the 
affections of mankind. 

Ав I shall emphasize later on in this lecture, а savage community 
usually has two types of medical practitioner: One, the witeh doctor 
who eures by lacamtation and ceremonial and jugglery, and the other, 
tha barb doctor and bone setter, who, according to his lights, prao- 
tices much ms dots a scientific phrsician. Among the the 
witch dector is usually held in higher tøm than ів the berb darter, 
and so also [n the supposedly civilized parla of tha world the quack 
often pulla in the crowds amd wases rich while the less spectacalar 
but well-trained physician ploda on without muck acelaizn, 

For instance, в few years ago in the environs of Paris, crowds 
ос to the booth of a man who was selling besta to the nocompani- 
ment of am attractive and plausible line of patter. When the police 
arrested hipa for practicing medicine without a license, they discovers 
te their surprise that he was not a quack but really a licensed physician, 
nnd they were still more surprised when he begged tham not to reveal 
СЫ span menlis ы бө Мэхинна Chaptu, За, 34 SEE. Repeated Бэ тага, нь 
вон ahus risas bon on aane. aa tha Brera Жі Цеља, vel 16, Зєв. 1, September а. 
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ль баев. As hu iaid, И his customers were ever ba hear hát bë aa 
unm @docied physician they would all bente him, and bs would have 
to gu beck to poverty, 

МАНТ PERSONS VOTE POR QUACKEEY 

In States which use the initiative алд tho referendam, the people 
enmmnoely vata down lawa designed to debar ignoramumen from the 
practice of medicine, and sometimes they will go even further. Thus, 
im à certain city ef this land, when a wealthy man presented tha citi- 
yana with а nuh-neebel hoepital, they accepbed the gift with ibe 
denor's proviso that the place be maintained always as а clum А 
inatitation, that ін, ono іп which only reputable and enan physicians 
are allowed bo see реба, Ikut soon the few back-manipulatom in 
iorn weri реон тора that ва taxpayers thoy had a right to 
practice m ike cite hoapital, end aa tha разра went ta tha polls again 
and vobel to break thelr exvenant with iha donor and to turn tha 
building over із the back-rabbers Hanca, whee lask D had news of 
the наа на. the regular pliysbelana таға out, amd the town waa back 
where it waa інірте, withous s anti [nctory hospital, 

ЗайхаЛу, the presence of ibis lange grosp of people Ea some com- 
munition, unapprecintive of, or militantly hostile Lo, seientifio medicine 
makes it impossible for health officers to stamp out diseases such ва 
жаі реж and diphtheria, aguinst which, for pean, acienos haa offered 
adequate means of protection, 


MANY 00 TÜ пла PRACTITIONERS BECATVRE REGULAR 
NE FAILED TO HELP 


T 
people hare іп iregular practice by poorly trained and 

таба, [ hate ta spend tima mew [n talking about баа reasons but I 
Tear that if Ido mob explain why I am noi impressed with the cares 
worked by irregular practiticnors and why I do not favor the licen- 
aure of sach men às physicians, sonse of yata will think тай hopelesly 
biased amd intolerant. I feel myself somewhat in the position of an 
astronomer invited here to describe the emergeace of modern asiron- 
omy frem ancient astrelegy. Knowing that many of yon ballara in 
astrology, ho would not daro to speak disparagimgly of it without going 
been left behind im the dark apes Нь «кешй feel all the more liken 
giving this explanation if the presenteday belief in astrology wara 
hampering the development of astronomy in the great observatories 
of the world, much нь the widespread faith in quackery ін now blocking 
the ганд health officers to eradicate distas, 


ив 
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Рагһара the main ressom why quackery thrives today is that there 
are still s many discases which the seiontifie physician cansot cure. 1 
feel confident that eventually many of these will be conquered, but I 
doubt if my profession will ever be able to make стаг those millions 
ef peor, bniiss-diwm men snd women who either inherited bodies and 
berves too frail Lo stand up to the stram af life ағ oles had lverdana laid 
en them beavier than they could bear. These people throng our 
died every day begging for help, hui in ae many casa “the contractor 
put in poor materials,” and the only way in which one gould һора to 
work a care would be to begin with a different set of grandparcnta. 

Nor can the physician уе! replace defective or worn-out parts, or 
parte already destroyed by disease, when the patient comes for halg. 
Whee a fire in а big conduit bams out some wines, amal part of & 
town is lefi in darkness, down the ean bales go the linemen жені soon 
few wires nme sirung. Hot when the poison of infantila parabvsia has 
eaten а hole through the cable of nerves supplying the leg muscles of a 
little boy or girl, thera ia pa way im which the seurologiet сап pet іп 
and repair the damage, and no ome who knows what has happened 
would think of ргналай the poor, worried parenis n complete core. 
Much that is helplul can тэр ac Тарнийн уух К, bus he 
ватой pat back the isjured nerve cells. 

Bimilady, the physician cannot takn nut pramdymnsother'a 
knees and say, Hke an autemobile тері mas eight ala: "Bag, Шеге, 
the robber eoshiona amd the oiling aywtez are practically gone and 
the suriBce of Ube bone is barred over from much pounding, just nx 
in the case o£ an old chisel, You'd better let us get you a new pair of 
joints [rem the factory!" 

Beme day surgeons may be replacing such parta, because already 
they have developed the necessary techniques, The only reason why 
thay are nob doing it now is that aa тай reasearch workers bara mot 
learned bow to keep the transplanted parta from being digested sway 
by the blood of the recipient. Hut Dr, 54one has made а hopeful 
start toward overcoming this diffealty, and eventually we may be 
putting now kidneys into the patient with Bright's disenso, and per 
Һара oven à Бет heart Into the mam whose cardiac arteries have begun 
to plug up with szar tise, 

In the meantizne, the buge areuy of the weak, tho ший, the paycho- 
кык ы паем ad BA eee the lookout for a 

of miracles. And one батты blame them: ‘They аль desperate 
Er کی‎ EE ES MIU They and their loved caes will 
always be scanning the horizon for hope, and they will always be 
ready to spend the last penny of their aavings om а journey to tha 
Көше of same new weaderworker. 
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WHY ФТАСКЕ ӨРТЕУ APPEAR TO WORK MIRACLES 


Tui some af you will remind me that scasetimes the quack dots cune 
alter able plysiclana have failed. And you are right; I Бате sen 
this raywell, but во one who knows anything of quackery, or human 
suggestihility, ot hysteria, or the tandency of moss diseases to let 
up without any treatment at all, ін ever going to conclude that simply 
because а man is curing some people amd ін gathering crowds on Ын 
doorstep he is a good physician, and his system of practice is worth 
investigating or imitating, This statement will doubtless seem ао 
parudoxical to some of you that probably I should digress for a moment 


PATIENTS Wild DAWWOT ATTORD TÒ GET WELL TOO QUICELT 


Cocasionally I see райема whe I fed ware could be cared mera 
easily by some spectacular form of quackery than by my prosaic 
brand of payrhotherapr, For instance: Daring the World War a 
young man's business necessitated his traveling beck and ferth 
through an ocean infested with German Байшатнын. He went 
without protest, outwardly brave, bet inwardly terrified. Опа day 
in Europe everything went black, and be returned heme stone blind, 

From the minute when Î firet калт him I felt that tha blindness must 
be hysterical in nature. А man бал hardly nssccinte With then sick 
day after day for 30 years without learning the significance of many а 
little telliale sign, amd ва I expected, when I told bim I thought be 
could ba cured be showed no enthusisam and soon departed. 

Later, as I thought the problem over, І вал that I couldn't hope to 
cure bim with undisguised peychotherapy because if I did, this would 
leave hiss in an emberreming wituation. It would expose him to the 
ассааал ол. of having been either a fool ez a coward ora cheat. Мо, 
be could afford ta get well әзір in same spectacular way, and I was Bot 
аб all surprised жота mantha later, when I saw by the papers that an 
irregular practitioner had reduced n dislpcaded vertebra in the neck, 
a vertebra that had bean pressing, ӛз they said, an tha optic nerves. 
Ая you know, these nerves do not go anywhere near the neck, but mo 
matier—tho fact nppears іс have been that the patient's sight was 
insiantly restored. 

Now imagine the effect of such а newspaper report оп the minds of 
blind mem aed women everywhere; they who have gone to many 
си Байн without help and without enoourapeznent. It will immediately 
eser to axes of thee thet рағһара ther, Loo, lave a displaced vertebra, 
and іё certainly weuldm't burt to look. And во they borrow what 
money they can от draw oul their little savings, and off thay ро ta 
Ben the new miracle шав, The ead thing ia that in 99 such cases oat. 
of 100 the eyes are hopelessly damaged, and the poor blind man must 
гейши home even more discouraged than ће was balora. 
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Often the cure, when it dosa come from an irregular practitioner, 
is worked not во much by the massage ог the manipulation аа by the 
influence of an unusual and commanding personality, А few months 
ngo while Inching at n club I eculdn't take тау ayes ой a big, tall, 

1 £ man, with piercing black eyes, long black hair shot 
with gray, and а strangely moving, deep and musical valea, I said 
ta the friends with ma, “What a wonderful quack he would make", 
and thea they told ne that actually he waa а sort of faith healer, 
Ho waa а preacher who, having discovered опа duy that he had the 
ЕНЕ of healing by the laying on of bunds, bad gong өтөг into the practice 
т UD. 


Aectially, all great physicians seem to possem some of this ability 
io inspire sick persons with eanfdenca and hopes, and to lift them up 
out of в bog of worry ard fatiguing thoughta and anto the road {а 
health. | 


UTHER BS Fë ID&TirT a quacx 


Аа I have already said, the fact that a healer is ен р by hordes of 
patients, many of whom depart singing Ын praises, does not indicata 
for а moment that his metheds are rational ar worth using by other 
men. Im the hands сі the next man they may fail шу, aed far 
that mater, they arually Тай after a tima even іп the hands of the 
original user. For this magn nearly all forms of quackery have their 
day, and then they lose ground and disappear. 

Perbina! tractore—Thea, toward the close of the eigkteanth omtury, 
Elisha Perkins, an American physician, was curing disease right авд 
left with two little, supposedly magnetic, pieces of matal called tras- 


Elisha died, his son took the tractors to England, where he made a 
great etr amd enlisted the support of the nobility. Unfortunately for 
him, the famous Dr. Haygarth was theptical, First ha held clinics at 
which he demonstrated how patiente lost thelr pains when the affected 
parts were stroked with the treciors, Thon, whén everyones was much 
impressed, ha tek out his ponknife and езі the suppxeed шартына ің 
two; they were imitatiana madè of wood. In the reaction thai fol. 
lowed, educated England laughed, asd Perkina laft for horna. 
Auten Madrid, a few years ago, an unimportant physician 
named Asusre announced that all diseases were due to trouble in в 
little nerve in the nose, and easily curable by local treaimenis, The 
га caught on, and soon there was а line of people on the sidewalk 
each morning waiting to get inte his осе, Ай commonly happens 
with quacks, the wealthy and tha азға made mack of him, and 
in 2 or 3 years he accumulated ñ large fortune. 
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Thea, apparently, be ran out ol Бие га, and with nothing to do, he 
left for Italy tó ses H ће could etart there all over again. Bat the 
Tenlines did not take to the idea, azd when last I heard of the man be 
had failed to gut geing even with the belg of his old prestige, his wealth, 
and the support af seme dukes and duohosses. His imitators also 
failed. Some of you may ask: But didn't the method Бате semê value? 
Yea: it waa nothing new. Nose specialista have used it for years, кпе 
with it have helped coeasional patienta with hay fever and beadache. 

‘Albert Abrams. —Acother typical atory is that of Albert Abrams, а 
licensed physician of no great reputation in California, For years he 
promoted в shemi for curing disease by pounding the gime with а 
littla rahbar hammer, But the idea never ісек hold, and until he 
жай about 60, Abrams had only а >шикШоеге practice. Then one day ан 
ha sat locking at one of the first littla radio nets, he got an idea that 
waa goon, te bring him іп а million dollars, He tock в couple of cheap 
resistance boats and ва old Ford spark сой, hooked tham tegetber in 
the silliest way, and announced to the world that with this magic 
detector he сой tune in on the electronic vibrations coming from а 
drop of blood жәй could tell exactly whai disease the patient was 
ашыц with. Far geod measure ha would tell if the sample of blood 
sama from в Chines or в Jew, or from a Presbyterian or в. Catholic! 
Just as canily he сое connect the patient to another silly box of wires 
and tune the disam right eut of him. 

To paapla whe were just beginning to realize what marvels the radio 
tube coukl perform, thin all sxanded so reasonable and 80 up to date 
that thousands flocked to him and paid $100 or more to sit for awhile 
holding опко Ша end of в wire owt of which waa Bewing—sabeclutely 
nothing. Many fel} that they were cured, amd wrilera like Upton 
Eiaclalr, who ewallowed kesk, line and sinker, wrode articles accusing 
tha leaders of the medical profession of narrowness, backwardness, and 
jealousy, nnd am inability te recognize paisa when they enw it. The 
fact that Professor Milliken, om the witness atand im m malpractice 
wait, вога that he hed examined the instraments and that they 
couldn’ possibly do whet they were supposed із do, did not seem ta 
discourage amna, 

And then Abrams died, and without his frequent абагШла pro- 
nouncementa, which had served to keep his nama in the newspapers, 
Ын disciples found themselves with bot few patients, and most of 
them wara compelled to &hilt over into some other better advertised 
uni mere popular form of quackery. 


BELF-LIMITED Е2ЕКАНЕН 


But some of you may still be saying that you know of а man who 
waa lying at denth'a door and, after (тейин by some irrepalar 
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that thé nice ald doctor in attandamea did not know hia business amd 
dismissed him. I wan than гайг and I barely bad time to change 
the medicines before the crisis come—and my reputation waa made! 
I tried de explain io the people that they пин: nod bama the ald 
doctor beewuse in this case the poeumonia bad rum а very typical 
Sourme bo recovery, bat they thought I was jnst trying to be modest; 
and во finally Í gavo in, and said mo more, salving my conesienee with 
the conviction that sooner or Inter I would ges ray share of disgrace 
perhaps ña undeserved as was my present credit. Aad вэ it happened; 
muy next patient with pmeumonia did so badly that I was dizmiasad; 
tbe old doctor was eallad in shortly before the erisia came, and thus he 
got even with ma, 

Now, you may smile nt all this, but just remembar that suc things 
commonly happen when meri you hear of a case like the ons I will 
now describe, А nationally known educator lay ill with pzeuznonia, 
The ninth day came amd no crisis; and, because tha рнуя ава im 
nitend&nos locked anxious amd shook their heads Baily, the 
family discharged them and called in а back-adjuster who only а short 
tiene before had been a bathhouse attendant. Next day the rimis 
came and, for the rest of his life, that distinguished college professor— 
who should have known better—exicllei to Ма friends the virtues пі 
в certain cult nnd the skill of a certain ignorant but pleasant and well- 
manning nian. | 

Curing a айлаа that хин Marae here js the fairly common 
story of another буре of ов which thairreralarprastitioate triumphs 
because either be or some good physician diagnosed wrongly, Tha 
casa is that of а vary wealthy woman who was operated on years ago 
for а tumor of the large boral. It locked m» mech lika an i 
савсаг that the famous surgeon im attendance did not attempt ta 
remove it, but simply made a bypass алиш it, Later, ая more 
experiences came to bim, be realised tat what ka had seen жая кора 
taner at all but only an inflammatory masa that would prehably dis- 
appear after the typa of aperation that be had parfarmed, Eutin the 
Бага дон, the patient had gone to а faith healer; авд when yours 
рана and aha remaimed well, she built for this bealar and ber faith 
а beaatifal chreh. Awapa, iben, wha one hours Шал soma healer 
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has cured a cameor, HL Ba woll to remember the possibility that the 
Cures that won't werk fetes — Алй here la тай another type af саза. 
Recently D saw à woman with severe arthritis. She told шө that 5 
years before, when the disease first flared up and put her іп а wheal 
thar, she went to в quack who cured ber with thé мір of an herb 
ton. Naturally, I акей her why she wasn't back taking the same 
treatment again, and ber answer was that she had gone but that thia 
time tha tea wouldn't work. The chances are, than, that the first 
ч r care was тн eure at all bet only one of those spontaneous 
remissions which are se common im the course of m lifelong disease. 


THE DIFFICULTIES INVOLVED IN JUDGING OF THE VALUE OF А 
THEATMENT 


Tha average layman bas no conception of the pitéalls which lie in the 
path of the шад who would sppraise the value of some particular 
treatment, gully for a self-limited disansa, For instance, lant 
Cotoher ката of vou doubileas took “old shota" to protect you throagh 
the winter. Ti when summer comes you аға still witheut a eold, will 
that prove that the vaccine was helpfal? Noi of all: vou may be 
déighted with what seems to you в шігесіп, but I cam аврага Fou 
that the reporta of dozeze of such sucoresful cases mean nothing to the 
medical вм аав. Tha enly way im which to leam anything 
definite aboot such a treatment is to do aa the Metropolitan Life 
Insurance Co. did several years ago. They took, ns Í remember, sons 
5,000 al thelr employers авд waceinated half of them, leaving tho 
ether БАН t» serve ns what we physicians сай a “control merie." At 
tha end of the year they checked up and found that the 2,500 who 
weren't vaccinated: the only difference was in the severity of the сой, 
tha vaccinated men and women ай аг back to work on the average 
вөтегіі days sooner than the others did. 

Батанты npo, Dr. Diehl, of the University of Minnmota, meade a 
splendid study of colds among the studenta, trying cut om hundreds 
of them several of the drugs that are commonly wed in this disease, 
Нь found ts Ма murprise that one out of every threo colds cleared up 
im в day or two without any treatment at all, and others cleared up во 
rapidly or run жо mild а course that if waa impossible to any whether 
or воі the remedy giren bad anything to do with the prompt recovery. 

No wonder, then, that practically everyone thinks be сап cure а 
cold. Наш be cured many of them with Ын pet method? ‘To be 
aure, вота of the colds treated bung on stubbornly, bu& following Whe 
convenient rule of bumankind, he forgot these and remembered only 
these which he “cured.” Amd if he, whe has had no training in 
medicina, càm hare had auch splendid sucesss іп his little practice, 
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why should anyone hare difficulty іп believing that other unedueatad 
реғыная сап cure disease, sapecially when they hare inherited some 
special skill or sema secret formula for релгегіні remedies! бо why 
ашо there be all this demand that physicians ba educated n»n? 
Actually, it № only the highly educated physician who finds it 
diffieult t take бошду the pretensions of healera who have spent 
only а year or two in a low-grade eolloge: be alone knows how hard ii 
is to practice good medicine even after half а lifetime вра in study. 


BELIEF IN THE MIRACULOUS IECULCATED IN EARLY LIFE 


But there are yet other reasons, and very strong ones teo, why all 
of us look for miracles when it comes to the treatment of diwasa, We 
may have spent 4 years at college learning that the univerme ін rum 
according to immutable laws, but throughout our youth, and almost 
from the moment thet we could underwland speech, wa were taught ta 
believe storie of mirasulona suspensions of these Lawa, and we were 
urged to вак daily that such miracles of protection ba performed for 
us afd for aur loved ones, 

Furthermore, in eur daily contacts with the people about us and 
with the world of books, we absorb, willy nilly and unconsciously, 
mech medical folklore which inevitably bas an influence on our thinks 
ing and our behavior, And if it idbeences the behavior of an educated 
man, how much more must it dominate the thought nnd the behavior 
of theipeorant and the naturally credulaus? Nowe of us can ana pa 
it You шинэ, and some old person near you seyn "God bless 
you," Why did sha do that? She probably дааа not know, but hee 
ancestors in Europe could have told us that vou sneezed becangs а 
little devil was just then entering your body with evil intent, and 
when your friend called upon tha same of God, that devil kad to get 
out іп а hurry. Unconaciousaly, vou subscribe to tho seme Мей when 
you ғау, "T wonder what possessed me io do that?" or "T wonder what 
сан Бате gotten into that child.” 

let us ғаррон thal, without thinking in time to stop myself, T 
remark to my wila thai it із almost a year nee I bad в cold, I 
immediately тєр wood, but why? Жете, on looking this up in my 
library on folklore, Î found that I do mot doit right. I really should be 
pesnding so hard on û log and making so much nolse while I am 
bragging that tha devil will not be able tà hear ma and to say, "Watel 
ше алд mee bow 1 take that cocky fellow down n peg." Now in't 
that ally, авд yet I keep on rapping weed оп every apprupriate 
cocaxion, just because if mikes ma feel safer. 

Dut you can’t laugh në me becazse you have тош: own pet supersti- 
lisa. haps you have а horashos over the barn door bs Есер out 
the elves that would ride the horses all night asd айлсан the cows and 
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poison the cham, Ог let сн euppose that you start to plek a alivar out 
of your finger with à pim and your grandmother catehes you nt it. You 
know that she will insist that you use а needle. Bui why? For 
20 years І have been askimg grandmothers that question. Ther all 
agree that one must use iran and mob brasa, but the two lama explana- 
tima which they give cum easily be shown to be adeguata. I 
вешчы for years through tha literature on folklore for information 
em this point until at last I became éo&vinaed that the original кайат 
"was that if irm ін тәні it will keep tha wicked elves away from Ши 
"wand just as iron over the door will keep them out of the house. 





TP EFL, arenis all Era. ғыз АНЫҒЫН, la сарса а Sail gari 61 Lp сала da asa ola poor 
тезіне Ти (emery riy prom рч Bisle PROSAN iT арыны LËa Елана has UF . рер 
ñr kr ізеті {їнї Їн poe praemio: сі pesci kash qonicd Es asam qut LÛT A и-н: EE: ШЫ Есийн 
Мл, 


When yeu цаа a hmas pim vau here та рода, and the wound mar 


Ви! көсе of yos may аа: Why should the iron protect? — Briefly, 
it ба because (е elves and the old gods and demons wara very eonaarva- 
iive; зо ший so that for thousands of yours they «lung to the use of 
the old chipped flint axes and knlves of our eave-dwellizgg areeatúrs, 
Eventually thay got an that they could tolerate bronze, but even wat 
they cannot abide nor even go near the newfangled iron which came 
inte usa about 1000 B. (Л, 

Cr, lat ва suppose that today, аа à poteg mother aita trimming for 
һе frs time har baby's ший, the grandmoibsr comes in, Why 
will she be so upari and why will ake pechapa get down са ibê rug ond 
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pick up ай the little paringe so as to destroy them in the Ere? Why 
will she ғау that for the first year of the baby's Н the пайа must be 
bitten ой? Ask her and ahê will probably вау that if ibis is not done 
tha baby will grew up te ba a thief ог it will sicken and die, But let 
us аак the official nail-paring swallower of a Madaguscar chial (I һата 
read in scientific тев нэх that его is such в man) or let us ask any 
savage аду аго on the face of the ван, amd be will tell os that when 
the nails аго bitten off tho pieces must be swallowed. Ti they were tà 
be loft around, and n bad witeh were to get hold of a piece, she could 
HY sy энээ «райо отаг H, and dinatie wihi acen socas te tha 


1 тавтөг cease marveling at the antiquity und the wide dissemination 
of morea of thema ballat, Бот instance, there are many poor homes 
in England today іп which, if n child is seriously ill, the grandmother 
will want te adznicoster a skinmed mouss ss в medicine. But why a 
mous? То fid out we Бато to go to Egypt where cock year us the 
Nile subsides aud the peasants go back to their fields, they dod іп the 
racks in the mud ап abuzdames of mice, They think that thema 
mise sprang from the mud, and therefore Must raprasend ав emanta 
of the life-giving virters of the river. What іа mara appropriate, then, 
than to save а dying child with в medicing which represents life 
nbundent? And nom camia what, to Бау mind, ix the most interesting 
part of the story, and this is that when Elliott Smith was stedying the 
mammig of some little children whe lived in Egypt over 6,000 years 
age, long before tha prremide were built, be facul in each siomach— 


ANCIENT THEORIES OF THE CATSATION ПЕ DDIREEAEE 


Now И will be noticed in the охари which I bare given of present« 
day medical superstition that diana ia єяпайт єпррове to be due 
te the malevolence of the divil or of witches or wicked elves, or of man 
whe know enough of the magic arte to summon help from the powers 
Of darkness, What ia more matiral, then, then із saama thet bealth 

4 is ta be maintained by warding off evil in some magie or symboli way. 

But where did we get these ideas? I feel sure that we got them 
from oar remote beetling-heowed kneestors who hunted the reindeer 
and the woolly mammoth in the days when ibê great ісе sheets wer 
reiresting northward toward Ши pole. But someone says; How сай 
anyone know what оаа ancient атары thought? Well, wa canant 
know for certalm, bat here and there in the few remaining wilderness, 
explarers come upon men who live in a stone аре very similar to that 
af war ancient ancestors, amd always then men are found із have 
about the same ideas іп regard 10 dimam, Never having heard af 
germs or high blood-pressure or hardening of the arterica, 16 merer 
өсешге to tham that а mas might die of natura] causes. If be wasn't 
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injured im an accident or шах by an enemy or a wild beast, then 
he must have been harmed by witchorsit or he must have offended 
айты deity or broken mess tabu. 

One of these ideas hea come down to us embalmed in a word. ‘Thus, 
"hen an old man drops ta the floor umabla to speak of bo usa Ма right 
arm of leg, we physicians вау that a blood-veasel la the brain has 
either ruptured or been plugged іп some тау. Bat Ши layman says 
that itis a stroke, which Emplies that God was angry and reached cut 
and ensk the enam down. E never realized kew fully а colega gridu- 
ate old believe this цай one day when, ва I ant by the minister's 
wide, enowamging her to Їевги to МШЕ ырып after a bad cerebral 
ibrombosis, I found that the endlessly recurring question in her mind 
wur “Wherein Бата I ginned so terribly that God hus strack me down 
in Ши cruel way; why bas Не done this to me who have served Him 
lovingly all кау дауа?" 

Bat ts get back ta iba атаған and their ideas of matina: Seeing 
that to them disease із due purely te the malevolence of gods amd 
witches, 14 із easy to understand why their most prised physicians 
але not expected to have any knowledge of the body or of surgery or 
of healing berba; all they are asked to do ін to find out which god i8 
angry and why, or which witch is at work адні who in employing him, 
After that they mansi know bow to appease the pod, or to nullify tha 
evil charma of the witch with yet stronger charma and spalla, 


TRE TWh TYPES OF HEALER AND THEIR DESCESDANTE 


And во И in that wherever са this earth one encounters primitives 
people ome is likely to find that the most respected and most feared 
man in the tribe is the witeh doctor, Often he im sort of Pooh Кан 
who exercises the functions of physician, seer, prophet, priest, sorcerer, 
mister of cermmonies, and perhapa oven kimg. Gemmeiimes be repre- 
senta the finest Hower of tha development of hia peepla, and then again 
he may bo lithe more than в ішіне and an omasin who will kill 
for а price, 

But what happens when a savage falla out of à tree and breaks his 
legs, or cones back from а raid with part of his scalp hanging over 
his ear, or what is done to help the man who gets constipated or bie a. 
bail that needa lancing? Will the witch docter bother with such 
яшай practica? Мо, that ia useally hezeath bis notices, and henee im 
erary tribe Шаға b авс иг kind er healer, a man or woman who can 
eleam wendê and bring the edges together, who can splint a broken 
beg or pall а dislaested bane back into plise, who ғал insin on аһшыма 
or knock oat Би aching tooth, who can massage stiff muscles or give ñ 
ғаға bath, and who knows the lore of medicinal plants, 

And hera 1 pet ta tha eantral thame of my diseaursé, and this i that 
from the tima when man first stepped down out of the trees ond meda 
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hiniself & stone ax down to the present moment, there have always 
besa, in every comsnunily, two types of medical practitioner: Опе п 
believer in some sapernatural or similarly anproveble and ready-made 
explanation of disease ва m whole: the oiher, план of thea many 
distaste иһ hn finds them; the ome disdainful of the біліу of the 
structure and werkinga of the kamas body; the other а deep student 
ef these Eland; the one treating by means of eharma and spells, 
овтетолү, hocus pocus, exorcism, aod sacrifice; the other tranting 
with physical and chemical messures; one whose forte is the сага of 
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mervnus troubles, hysteria, авд self-limited diseases; the other whose 
grentest succes ін found in the bealing of Шинэ lesions such as deep 
wounds or bed fractures in whieh Mother Natures unaided, either 
falla t eure or alae anda op with a bad reault, 


THE CONSERVATISM OF THE WITCH DOCTORS 


Ag one wuulil крит, the descendants of the witch doctor hare net 
charged their’ we very much through the ages, and if tomorow 
they теге fû be upon in сора wath some terrible epidembe their 
methods would be prüetieallr the sume ая thee of their savage 
ancestors. Ther would dowhtless begin na they did in Biblical times, 
in the Middle Ages, and ін the terrible winter of 1918, by fixing the 
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blame on some group of persons who bad oifemded the deity. Them 
there weuld be sacrifice авд ceremony, solemn processions and pilgrim- 
ages and iha making of row, all undertaken with the bopa of expiating 
sin and propitiating an angry God. | 

The average imdividual would keep his windows tightly closed at 
might to keep owt the lying demons of dissnsa, und be would certainly 
wear a protective amulet, If during the epidemic, & savage were to 
come to our shores with ecese explorer, he would see nothing new in 
all this, and ыза only approve heartily of every detail, 


HOW PROGRES ІН MADE LY THE DESCENDANTS OF THE HERB 
DOCTORS , 


Bui now let ws oes what tha descendants of the herb doctor did 
when, me 30 yours ago, they wore naked to send men ty India to try 
to stop the buboede plague which was raging there аа it has dona во 
many times из the past. 

Dd the physisdama om that commission go into the temples &ud 
olfer ancrifices іс the kidequs goddess of врате disease? No, ther 
went io work WHA mxieeoaenpes and guinea pige First, reckless of 
their lives, they opened tha bodies of people dying with the plages, 
and studied the characteristic changes in the several organs. Then 
they put under the mieressopa n. little jajce from the enlarged glands 
іп the groin, and always they found millions of tiny perme such ns аге 
never found im the tiser of normal parsa, Then these germs were 
cultivated in glass tubes, and & drop of the гейіне was injected into n 
guinea pig, and when the animal sickened and died, the autopsy 
always showed lesions like those of the patients, And so, gradually, 
it became clear that tha гаша of the secampe was à living thing, a tiny 
germ which went into a man and kept multiplying until it killed him. 

The next question wie; How did this germ get into the people? 
Did they drink it or et ib ag did it travel through the mir? At this 
point the physicians were helped by à bit of knowledge that had been 
атаа for conturies, namely, that always, preceding an epidemta 
ef plague, rite crawl] out of their holes and dia, Aeccerdinply, hus- 
dreds of rata from. the affected regions were caught and dissectod, and 
kn the Шешу ones again there appeared the Баспа lesions and iba same 
Brie perme that hed been found in the guinea pigs and in the patiente, 
But how were the germs getting from the rats into the people? Goon 
the rais" fleas came under Баяр ра, and when some were removed 
Бола а ret dying of the plague and dissected, thara шатын were tha 


perma. 

Then the scientiste collected Seas from sick rais and pot them on 
guinem piga, and the раға sickened and died of plague. Thay Аааа 
got the Шағын alap when they wary lalt Еп cages on the floors of tha 
huis where zen were dying of plague aod their Deas wero hopping 
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abogt looking for a now beet. Hut when the барав were made ef wira 
gauze too fine for the pasampe of Йғая, or when ordinary tig were 
«парадад aime distaned off tha Boor, too high for à fea da jump іш, 
none of the guinea piga euceumbad. 

A last, then, Uhe esential facta about the disease were available, 
and йесі plage oculd no longer piqpa sa a terrible scourge up and 
down the earth. Now, whenever à few ганга appear in û city, health 
offer rush in nnd destroy rata and Bena, and the epidemic is stopped 
before li can get well started. 

I wish I had tima із tall mora of tha fnacinnting stories of iba detec- 
tive work that has been done ін tracking dewa one litte mesenger of 
death after another, and learning өз much about ita hie babita that 
health officers сап destroy it or atop it from propagating, but I must 
Lice, and History and De Eruif" Microbe Hunters already know 
how fuscineting these stories ein be. 


EVERY WORTH-WHILE DIECOVERY OF THE PART IH USED TODAY 


I паци hurry on іс polet out a fect which to me la a source of pride, 
and ihi is thai every werth-while Балга ever made and mememe 
bared, and every accirate bi of leformeation ever obiained and passed 
шлаг by the ancient herb doctors nnd by all trus svadenta of dis- 
ease throughout the ages is used іп scientific medicine today, I feel 
that every wolladuested regular physician today ia tho Бега dà- 
всей and heir of the old herb doctor and pringliles surgen, just 
вв every бы bealer and avery irregular practitioner who treats all 
адва alike, аки] атағу ipnorant quack who treats hy bona-pocss of 
one kind or soother is ú lines] descendant of the тЫ doctor. 

In my НЬгагу I have translations of the two oldest medical papyri 
in the weld. So far ая zehnlnrs can tell, (bee tro books date back 
bo between two amd ihres thoasand years before Christ. The Бап 
papyrus waa те hy a ramarkahly modern surgeon who described 
the ватага trpes of fracture of the ёс and tha aymptora that go 
nsi asit и зале би жа оци чер ira Md 
wounds and brought their edges tngether with adhesives бара; be knew 
that an injury to one side of the brain caused paralrsis of the other 
tide of the body, amd be waa often able to pick the patient whe would 
dle and the others whe would probably get weil. Пы ber alr 
wake up today, t erww] oot of him aareephagus, I believe that a 
moder brain surgeon would find im him в belpful associate, and 
would defer to his judgment in tha handling of many a wound. 

The ether ancient book, the Ebers paprrus, ін not во sabafying 
todar, because the witch doctor hed too much to do with writing it. 
14 із largely в collection of prescriptions in which drugs are mixed 
with unpleasant things взен as thn dried excrement nf men and 
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animals. ‘Why did they use such thingaT Ін order to male the іп- 
dwelling demon of disease во disgusted thet he would get out and 
інгі сәлде back, Actually some of the proseriptions ware labeled “for 
the expelling of ДАр of the disease.” 

The Chinese have the same idea today, and im the Flowery Hiag- 
dom, when в man Без desperetely ill bia relatives will sometimes 
hire orchestrea to keep тір sueh an infernal din all day and all night 
that the devil causing the disease will get worn out from lack of rest 
and sleep and will depart for в quieter place! 
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MIXTURES OF THE MAGICAL AND THE PRACTICAL 


But to get back to the Ebera papyrus: Ав I Бате already pointed 
oui, ene Ends there many inalanees of a very commen madical prop 
des, and this is the брате of the magical ond the practical. As 
one would expect, all through the ages the two systems have been 
combizied more or ieee unconsciously hy practitioners af tha two typea, 
Боль уа tha witeh doctor or the mental healer has used manipu- 
lations and even drugs, and the old herb doctor has taken care to 
gather his plants with a certals ritual or while mumblisg spells, and 
only during certain phases of tha moon. Furthermore, the herb Фес» 
tar has often fallen from grace, sclontifically speaking, and Бы pri- 
scribed а drug not because experience showed him that it was useful 
but perhapa baramas the astrologers believed that it and the disease 


FS 


to ba treated were bath under the protection of the same sign of tha 
outing, OF perhaps because a walnut looks like а brain with all ita 
eonvobstions, the old doctor gare powdered walnzta for insanity: or 
bë рате rel пин ана for anemia and yellow ones for jaundice, Or 
be shaved elder bark downward to get a eure for romiting and up- 
ward to get à cure for dinrrhen! 

Archsologiate who, Fears ago, unearthed the archives of an ancien} 
king of Nineveh found two betters of great interest to tha medical 
historian. One was from n magician telling his master, tho king, of his 
illmesa amd begging that а physician be sent to him, the other waa froci 
a prominent phywielan whe had prescribed for the king, Unfortu- 
mately, the над did not help, and later when the physician wrote, 
шатах йг thet he did not know what the trouble was, ho went on to 
өнгөн, that while the local physicians continued to administer the 
medicines he had prescribed they had better also сай іш a magician. 

And во it goes today: the faith bealer calls in an obstetrician to help 
with n difficult casa of labor, tha épinopath preseribes dist and іва 
for а diabetic, aral the гош physician cures many n hysterical 
patient with а combination of pills, impressive аррагайса, suggestion, 
and personal] magretism. 


THE ОНООВ РЕҮБІСІЛХЕ учиг iri CAME FROM ALL OVER THE 
БТН 


One of the most interesting things about the Ebers papymes із ай 
at shows us that away back in that ancient time physicians were already 
using many ef the drugs ihat we preacribe today, АВ, шпа, castor 
oil, and epsom galta were being given for eanstinstinm, and papper- 
mit &nd fennel for gas, To me one of the most curious prescriptions 
in the collection is the one for soothing a erring child. What do you 
think it contained? Why, nothing other than the opium which our 
Government had to ham from American patent soothing siropa some 
25 years age. Incidentally, some of you ladies might like to try ona of 
tha eld Egyptian formulas for Countess So and So's lacia] cream, puar- 
antem io remove wrinkles! You will ba interested ta know адар that 
the ancient Assyrians treated Байсан they dyed their gray hair, thoy 
us] mustard plasters, and they pot. a place of ri meat on û bruised 
gre. 

THE TRUE FHYBICIAN USES EVERYTHING EVER FOUND USEFUL 


And this leads me to emphasize again the fact that а scientific 
physieün today uses gladly any drug and any method of healing that 
he can hear of that was over found really useful by anyone anywhere 
Just let us go isto а drug store and glance over the shelves. There 
wo will find the castor ой, senza, ox тай, aloes, and opium which ware 
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used іп ancient Egypt; another purgative, шарна, cama originally 
from an ancient city of that nama in Green; ішар comes from Mexico, 
and casnara from California; the aspirin which is во popular today i 
first cousin йо the ally oil of wintergreen which our grandmothers 
used to put on flannel and Ша around aching joints, and quinine and 
akin and іргеас come from South America. Digitalis, our most 
ташаМе heart medicine, came to us from an old English herb woman 
When, 100 years age, Dir. Withering and that this women was cur 
ing seme priem whom. be had failed to belp, be went to her nnd paid 
a good price for her secret, Then, like the true physician that be was, 
ho packed out of her messy comecction the one essential drag and gavo 
is freely te the world. 

Lest this story about Withering servo to strengthen the belief thai 
many pirsara have that it pays sometimes to go to a Chinese harb 
dostar ог to an American Indian or to à Hinde or some other forvign 
healer because bo most know many things that the Asserican рБукилас: 
боса not know, cepecially about madisines of vegetable origin, I will 
any that ibare may have been something in this koa long age but 
there is not much іа it now after ыы 
have spent in studying drugs fros all over the world. 


ARE ТИҮЕЇСТАМЯ TOD DONSERVATIVET 


Tt la mot complimentary io us physicians that thousands of people 
believe that if some layman were to discover the cure for cancer 
we would have mana of ib until ботой tà give im. Aetuslly, a study 
of the history of medicina іп the last 76 yours reveals mò basin for this 
belief, (ur lenders hare graspol eagerly of ofl of tho grosk gifts 
ibat Bava come from men outside pur ranka: From n рузии, lile 
Roentgen (X-rays), from ú chemist Whe Pasteur (bacteriology), or 
[rm а dentist like Morton (nmesibesia). Im fact one of our worst 
кемі рінен today Ea bo dibeh the gilt away from the giver befor ha 
basa had tima to perfect it or to bost 16 properly. 

Every year the Шшай шоп іп which I work receives many lettera 
from rsen адн] waman whe assura us that they have the eure for cancer 
and wak that we belp chem in getting it beforo the world. What these 
people fuil to aee із Chee if a man wero bo cure only a dozen patiente 
with cancer scattered through tha body, ha wouldn't need ta come to 
тн for help. He would Бата to &ppeül bo the polio sach day for n 
Helal to keep the erowda in order on hia front lawn. 

AelaallF, af course, there Ба mot one chante іп a million that the 
eure for cancer will ba found by a layman or soma obscure physician 
working пірін his алан, Justasin gold mining, so in шин ан, 
the time for picking up big nuggets is осе, Now the fieding of such 
а thing ms а core for enrseer calls for mech work by groups of highly 
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trained and well-equipped inyostlgntors, and success is Шегір ta soma 
only вя the result of а series of discovorics, all made in big university 
Бйасманы, 

HIPPOCRATES, THE FATHER OF MEDICINE 


But to gat back to the beginnings of medical writing; let roe tell 
you а littla about the greatest of ай tha ancient books. Really it is 
a series of Бесін written in large part by Hippocmtes, ho whom wa 
now call the father of medicine. He lived amd worked in Greece 
mama 400 p er Chris. На was à malam type of acleztifie 
physician in that ho observed closely with a surprisingl y орап mind; 
be deseribed what ha saw, he recorded Ша failures ns well as his 
ceme, and ha maed everything ef curalive value that ha ould 
find. As one would expect from this, much of what ha wata во long 
аро i» still of interest and value today, The few chapters that nre 
al littla value are the ones, probably written by disciples, ін which the 
fasta of observation were warped to fit one of thom unprovabla theorins 
of disassa which are still во popalar with irregular practitioners today. 

Ав many of you knew, tha Greeks looked upon the world as made 
up ef four elementa: Fire, air, earth, and water, and tha bady af 
four humors: Blood, phingm, yellow bile, and black ЫН. These 
homers ware аабай by tha Far qualities of matter: Haat, cold, 
dryness, and moisture, and disease resulted when a Bumer became 
too het or too cold, or too dry or too moist. 

You who know samathing af modem chemistry and physics will 
вау: "How silly," and тей these humors] idess dominated ond ra- 
stricted and largely sterilized medical thought for 2,000 уғата. Even 
today, thay affect our speech, and we say thet а man is of n sangulise, 
в phlegmatic, в choleric, a hilious, or a melancholy natura, that be із 
good or bad lusmored, or that bo has a warm or a cold temperament. 

We physicians revere Hippocrates because ha was the first man to 
teach, first, that many diseases clear up best if tha рїүн ав does Bûk 
meddle too much, and, second, that medicine сав advance only when 
it breaks nway from magic. Gradually, throsgh the two millenigma 
before the birth of Christ, physicians had been coming to san that soma 
diseases are duc to injury and contagion and the wearing out of parta, 
but an far аз we have û record, Hippocrnies was the firs& ва gu the 
whole wiy nnd state that no disease ін purely miraculosa in origin. 
He would not exclude even epilepsy, which then was called the saerad 
disease, because of those terrifying fis which sam во obviously to 
ba dua to possesion by в god ûr n davil. 

And H through the ages, religiously minded people hod only listened 
to Hippocrates and had given hia successors the freedom to dissect, 
bo perform autopains, to experiment on animals, end te raport ben ail gy 
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and fearlemiy what they found, how almest certain it is that today 
medical keewledge would be hundreds of peara ahead of where it is, 
with tebercoloea and ancar and arthritie perhaps only memorii of 
tha past. 


THE EVER-FRESENT OFTOSITION TO MEDICAL ADVANCEMENT 


Bat all through the ages а lange section of the people in every country 
have kept saying, "He, you mustn't do this and you mustn't do that," 
thos making it hard or impossible for phoysielana to carry on their 
studies and thelr beneficent work for the relief of humin wallering. 

‚ arent we buman beings carious im oor mental processes? 
Tn the middle ages thay loved to bitch n dray horse to ench of û man's 
hands and feet end drive these horses off in four different directions; 
Шат loved to stzip ой в man's skin while ho waa stili alive, or to break 
his bones en tha wheel, òr to тол him over а slow fra; but just 
lei the crowd which had looked on with approval and pleasure dis- 
cover next day thet an eminent teacher of medicine, trying to learn 
how better to help suffering humanity, had dissected what waa left 
of the poor prisoner after the hangman wos done, and they weld 
turn im wrth to rezd the Царинаа wretch who had dared to so desc- 
erate à human body! 

But we must not smile at this in a superior way brosse even today, 
it la net aways саар to get human bodies for d'isscctinn, and so bitter 
із the oppoubon of aene animal lovers to the progress of acientifie 
medicine, that in mamy cities the pound man docs not dare to sell even 
n dead dog for study із the keal medical echool, 

Just think of Aristotle, the greetest naturalist, and one of the 
grentest physicians of ай time, having & admit that oven with the 
backing of his pupil and patient, Alexander, the mest powerful ruler 
ef tha then known world, be had been unable to disset even one human 
body, and he hed never uen а men's kidney ог n women's uterual 

11 waa pot umill the sixteenth century that the opposition to dissec- 
Hoo of the humen body died down Rê Цу im a fiw aiin еей 
во that the great Vesslius wns ablo to earn how a man is made inside, 
шы to publish (а 1543) the first accur&te book on anatomy, Obri- 
ашу, until such knowledge was secured, the practica af aungery waa 
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with Harvey's great discovery of the cirealatian ef the blend. With 
this werk was begun ав ara in which the functions of the many organs 
ef ihe body wert меді. In 1652, Laguwenhock discovered bactara, 
and іп 1719, Morgagni founded the science of pathology, which deals 
with the changes tat are bs be found in the bodies of persons dead of 
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Later there сыпа mesh progress in tha diffirentiation of diseases hy 
careful study of the symptoms and the physical findings, ший! phrasi 
clama were able to distinguish malaria from typhold fever, такия 
from German галдаа, diphtheria from croup, and appendicitis from 
ordinary Моспасі ache. Ато 1877 Pasteur diacovered the role that 
germs play in the саюзацоп of disease; protective vaccines and sera 
began іс ha mada, and Lister showed how to banish suppuration from 
surgical wounds, Im 1846, Morton and others diseoverad апав аа, 
and surgery came into its own, Finally, with tho development of 
haeterlalogy, there came wonderful triumphs in the prevention and 
eure of many of the infections diséeasea that kava plagued mankind, 


THE LATEST PHASE OF MEDICAL PROGRES 


Today we ага entering on a marvelous phase of medical develop. 
ment, amd many asaming miracles are already being performed, The 
physiological chemist i» having his imning, nnd every few mentha, 
someone discovers a new substance which bas uncanny powers іп the 
war of controlling growth and development. One of these substanças 
mikes giants, another malos midgets, another produces goitar, another 
makes the breasts of a virgin animal fil with milk, and other gibatanoea 
produce cancer at the will of the investigator, | foel sure that we are 
bat on the threshold from which we shall son glimpse great woedera, 

Aa yet we do not know how to use curntively all thesa gifts of the 
chemist, and many ате oot yet even on the market, bat with time and 
experiance, there musl surely come from acme of them great hbenafita 
ta the Шыпаа rasa, ! 


THE NEED FOR ECIING RE WORKERS PROM 
MISGUIDED PEOPLE 

AH ef these great gifts of sclenee are for you and your children. 
No ena knows on what day some disossea, ав yok incurable, ін going to 
birike down someone dear to you; and when that day сопы the only 
bope your physician may be able to give you will be that in several 
laboratories in this country, or abroad, devoted men and women are 
working late into the night, bet on tha trall of a cure for thia vary 
disease which now iziteresta you so much. Under thoan circumstantes 
tha one thing left for you to do will be to prey that the discovery will 
not байа foo Ішіп. 

Surely when such daya of sorrow and anxiety come you do not, want 
to have the doos of hope slammed shut in your fece with the announce- 
rent that certain people who сате for animels more than they сага for 
men ы women and Gttle children have sscoceeded in stopping work 
im those тегу laboratories іп which this most promising research wha 
шї om. Inm mara that most of sou would never consent to euch a 
thing if only you understood the problem, end if салу you believed 


420) ANNUAL НЕРОНТ BSMITHSONIAN ENSTUTTTDION, iin 


university auiberities when they assure you that today laboratory 
animals are well taken care of, and, when operated on, ara always kept 
under surgical anesthesia. 

ЯТГАМАНҮ 

In summing up, I would like to emphasize іріп that there are two 
types of medical practice that have been with us from the earliest 
time: Ona, that af the witeh docter und his heirs, али! the aiher, that 
of the herb doctor and primitive murgeon and Ын heirs. Chan group 
relies on horus pocos and ame unpraovahle огу of disease; the other 
group base ite prostie on observation and experiment, and uses 
every medical amd surgical procedure of value aver discovered by man. 

Eves belay the old witch doctor and his hears hold the confidence 
of а large percentage of the population, amd this fact greatly hampers 
beali officers іп their work. Although scientific medicine із forging 

rapidly ahead and working ever greater miracles of healing, it still 
han to fight ite way apia opposition from the many people whe have 
been brought up to believe thet diseases can beat bo treated by men 
ап women who have had Liddle or na феа ена із msediciné. 

The story pues the cee upon à time a manm of (ed was treed by an 
angry bear which started to climb up after bim. — At first the minister 
sald: “O Lord, help me," but ns the bear ері chmbing higher, be 
finally : "D Lord, if pou won't help me, of kast don't Байр 
the bear." And во I chose with this plea: That while teecher: of 
medicina кін! investigators struggle із advance medical selence and 
to supply you and your children with ever better and ablar and Énor 
physicians nnd with ever more ний гей беп for disense, will 
you please refrain from helping those masy persona who are always 
‘trying to lower standards of medical education and licensure, and іше 
always trying to stop the work being carried on in the research Inboras 
torte, Aa De, John Abel, that grand old man of American modidno, 
anen mid, “Grater avem than tha greatest discovery ін ta kwan anam 
the way із Гео Йініугенійе,!" 
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NATIONAL AND INTERNATIONAL STANDARDS FOR 
MEDICINES 1 


Hy Е, Еетіяитом Cook, F, D, Ри, МА 


Uniform standarda for medicines nre a recognüzed need for the red» 
ical world. Many substances now used in the treatment of disease 
must be exactly controlléd sa to strength, since they ure often highly 
poient and require exact dosage if they are to produce ihn desired 
therapeutic effects. There is also the possibHlity of foreign substances 
finding their way into medicinal products, lazaenimg their valua ar 
even adding an domenit of damper, and Май must be provided to 
чані при аралі such а happening, This is pot m mew problem, 
but ita eolution is being attacked with increased energy and with a 
degree of success which carries confidence to the physician and the 
patient. 

In this program fer the peoduetion of medical substances of de- 
pendable quality there is, in the main, в commendable сїнэрега 
between all of those who share the responsibilities, This staris with 
thé таах аагар, who must maintain à ӨЛ alaf of reliablà amd 
skilled experts to select raw materials and to test theme materials for 
conformdty to the establishel standards of purity and strength. 
Аль group of trained technicians шин be тезро bor the prs- 
duction and quality of the finlshed products, — "These medicines are 
widely varied, Among them will be found chemical salis; paw Eya- 
thetic compounds of a complex nature, goth as arephenamine; anis- 
thation, Шов ether, which gne so important an element in the safety of 
the surgical patient; ог perhapa it is a biologieal product, illustrated by 
diphtheria antiteain; or an cinkment or a tablet, ашы for skill and 
wecuracy іп mamufsetare, ‘Thee are but а few ини аа from 
amem the hundreds of different medicines employed today, 

After prodeciion and sale, again the established standards apply 
and at dhis timo with өчиг dgnilicanee than before, since ibe tests 
are likely at any time to be made by the lnhoratorica of enforcement 
officials with the possibility of substances bang fol ас ісіні and 
хойч эгээ IPM psaq i Pudor irem чаан ТЫАНЫ» Кайын of Fey ant Mim, 
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the manufacturer being charged with the adulteration of his products, 
This la all in the background of the production of modern medicines. 

But you may be asking how this has developed. How were these 

medicines elected? Who discowened that sone druga ате cathartica, 
thet othem cause в profuse perspiration, that another slows and 
strengthens tho heart, while still others aticoulate reepiration ar raise 
the hlood pressure or perhaps relevu pain? ‘We ага particularity inler» 
tated ш knowing who deiermünes the blemiülty amd quality of the 

needed by modern physicians What happened in past 
Benturies [а vagualy indicated by the records of Шо past. 

In resent years this information about the value of new medicines 
hes come through scientific ressarches in a modern laboratory, but the 
fondations were only Болу built up, through the centuries, by indi 
viduals who often worked aloni, making crude obecrrationa and deduc- 
tices and having few opportunities, and oftes no desire, to resend the 
талцал for the benefit of others. Ext fortunately there ате remarkahlo 
exceptions and to these pioneers the word today acknowledges a debt 

of gratitude which ік inestimable 

Bock of ай of this modern program ія an intoresting record, Ik is 
not тихфазагу io review this in deteil t» remind you thet the elaborate 
organization of today had ida тооба well grounded, first in tradition 
und theo in proren history. 


EARLY ЕНТМОЛАНВ 


The Елена of tha piaeeer henlar is credited bo on ennobling 
desire to га то suffering. ‘True, im every age tho charln£nn haa gx- 
plotted the sick for pecuniary roward, yet the initial force, through all 
of history, seems bo spring from those pioneers who truly labore] to 
heal Ши sick and wero а of dhe religicus orders of the time, 
theirs нг a шинийн With the effort to help those 
whe were ill, mme come knowledge of the nabire and сынға of 
disease and with this there slowly evolved methods of treatment with 
all manner of atramgo тїр на. 

The гант physician made alee progress: bis lenowledgn waa limited, 
the medicines were crude, ho old pet enforce treatments, and he bad 

poor oppordumitlios во ју єйїгєн. Yok 14 is кагргиапд how many 
a substances bad been discovered even when the oldest known 
records were revealed DN necessily there atten entered into the trent- 
ment thet which wos associated with ihe mysterious or the epult, 
often with inewntabons and nrayems—how nataral that tha ЇЕ пипаа 
af the deity should bo іптекені when tho priest treated tho siek. 


EARLY MEDICINES 
What medicines wer used іп the period of 4000 
el 


of 4 C., ol Bab 
lonian history, is nof known, but tradition tells 
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physician and of his nssocinte who ін supposed to һата prepared the 
medicines, Legend recoumte the story of вы Egyptian physician 
known by tha name of Imhotep who Brod aboot 3000 B, C., and he ia 
repabed to have use] many eombisations of medicines. 

That (here із sone justification for these unverified traditions of 
remote civilization is borne cut by the discovery of an almost perfect 
Egypiian manuscript dated 1552 В, O., which consisted of а collet 
tion of medicinal formule. This їз called, after the name of the 
discoverer, the Eben Papyrus, and ia evidently a record of the mofi- 
eimes kmown at the time when Meses lived; it must hove reprented 
the accamulajed kmowledge of the centurias, Hee oro recorded 
about 700 simple drugs герген the vegetable, animal, aad 
mineral and whila many ware impossibla and worthless, it 
їл remarkable that the list incbodod substances which find a place even 
im the latest ds of present-day medisine, Among these were 
turpentine, castor oll, аліва, henbane or hyoseyamua, poppy сараі, 
which were dhe forerunner of opium, thors, myrrh, cassia, gentian, 

amd squil. Among the minerel substances were iron, 
led, Enñpneain, nitre, vermilion, гарраг sulphate, войны carbonate, 
вий sodium chlorida. 

The use of precious stones, Шыу divided, waa a form of medical 
treatment. Тама wore ordered of various trpis and prio, pe 
ing upan the ability of the patient to pay. For tho wealthy the 
emerald oz lapis іші or the sapphire were directed, bub for Шон 
leas АЬ to рау green porcelaz or а similar appearing colored glass 
Whi шерін 
This balai in tha тшда] valis of prachus aloes did not цай with 
the Egrpiiin era for they аға found in the pharmeroposi¢s of Europe 
of the seventeenth and cighteesth centuriem, showing how tradition 
and superstition can bo continued бог centuries. 

Asimal druga were ales preset is abundance J wold seem 
EN A acy goons the more шй was anticipated, Car- 

їл ийг this early physician зүйл willzg to try every material ot band, 
hoping that he might discover that God-given remedy which he be- 
Beved wo provided sa n eure for every барала. It would кезіп ake 
аз though they believed that special merit. resided in any substance 
which had an offensive odor and ao amoeg the recorded animal drugs 
were lizards’ Мод, mine's teeth, putrid meat, stinking fat, moisture 
from. pigs! ears, excreta from шапу sources, including Bim, ond other 
substances even more revolting. Some of the formulas were very 
simple and avidgnily mild im action, za, for insane, ena for lheadacke 
calling for irunkincenae, eummin and an unidentifed berry, АЙ mixed 
with pocas greasn and applied 

Оһ the other hand, Boma loremis wer ancesdingly somplar; 
ona for п. poaltice containing 25 ingredienia with complicated dirt 
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tens for compounding. Evidently worm medicines were in demand, 
(ае МНИ кил кет е ШЫН remove heckworms, tape 
worms, seat worms, ший ле 

Many forms of medicines had also bean developed at this early 
period, including infusions, decoctions, шры, inhalatione, gangli, 
injections, pills, powders, iriturations, malewa, plasters, confections, 
and politics, Hera imdnad wee ithe foreranner of the modem 
Ee NM M eral ин vibe цацан ar atia 
for the medicimes then im asa. 


EARLY PORMOLAS AND ЕТАКРАВНЛН 


Other medial papyri of this ar even earlier Egyptian periods have 
since been diseyrered, and some specialize in magic and sorcery which 
so frequently accsmpanied кыйрай treatment, 

While thire is Mes known concerning the medicines of ancient 
China, probably мемле of less research into their literature, there 
is knowledge of а pharmacoposa-liks compilation of Chinese formulas 
called the Great Herbal, which goes back beyond the Christian Era. 
It ін made up а 40 volumes and boasts of of least 1,000 authors, 
ц as the orginal mathority the Chinese mythical god of medi- 
епа, Shen Meng. This work contains several thousands of prescrip- 
tions nnd шашу strange substances such ва toad’s eyelids for coryza. 
This particular Агар might indicate а keonnes of cbasrvatien which 
is almost unewnny, for modern investigations prove the présenos af 
an ndresalialiku substance, secreted by а gland mear the oye of а 
Chinese бры, and ome of our modern Lreatznénta for corymà sppaya 
Б ы ыа ы cher re bout this period 

Asa yrian I i about this same period 
a knowledge of medicines much the балан ан that of Egypt, evidencing 
the шантағ in which infomation is carried from country Ыр coontry. 
Cannot one well imagine n wanderer upon the carih, carrying ребара 
а secret recipe, im which soma mysterious powder enters; a aubetanos 
which may coma from Їаг-и India or even Chinn, by the routes al 
ancient commerce, and his gelling it. $o physician priests fnr and wide 
for рай ара à taney figure? 

Аг so there ia found, even іп the enrliost civilizations, в та. 
marked tendency toward established medical formulas, inoboding 
same symbol, and dearipisens for hundreds of sabelances tried 
amd recomanesded for the eure of the нек. 

Tho great civilizations of Greece and Rome, covering mom than 
1,500 yours, were built upon the foundations laid by the atil earlier 
races. ‘They rosa to heights of accomplishments іп literature, archi» 
tecture, philosophy, government, amd conquest not before dreamed of 
алый thay шапа tha life and hahits af all subsequent weskarn 
peoples Tids ін equally trae in the field of medicine, and the nasses of 
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theta who turned ta the healing arta end recorded their ohearrationa 
and teachings dominated medical practice in Europe for hundreds 
of years. 
Tragically, the later barbaric hordes of tha алайса! religious 
groupe who overran these ooantries in tha middle ages destroyed 
countless nsunuscripta which could have added to the west knowledge 
of the time, but enough was saved to preserve abundant evidence of 
the remarkable accomplishments of this productive period. Sa 
blended are the earlier records that it is difficult to separate the 
паннен from tha real. 

Among tha (тегін, Apollo was the God of Mediina, but Chiron, 
the Centwur, by mythosorical асале having hrought 
to man tha fired kecwleden of the composition of medicines and he 
is reputed to have taught the other mystical characters what thay 
knew of ihe healng art, including Aesculapius, whe lived about 1250 
E. Û, and who is the patron mint of medicine, 


HIPPOCRATES AND LATER GREEK PHYSICIANS 


Prior tà the tisse ef Hippeerates, the temples of Agarulapiva wara 
tha centers of medical knowledge, amd the priests preetieo] tho beal- 
ing art although it арратеміу depended little upon medicines. 
Dharma, incantations, and prayers were the important elementa in 
treatment, although tha temples were &itusted in tbe center of lovely 
groves where аргаа abosnded and whore the patlenia were subjected 
do vigorous physical блекоти. 

Historically we owe to Hippocrates, a Greek physician born 400 
B. С., the most exact kmowledge of Greek medicina, Не had ap- 
parenily bean steeped in the lere of tradition and mythology and bad 
learned of the ши Ноа! practices of prorina civilizations, but bis was 
о Uo sed and Gna E 
writings sharply bassi. saperná 
and recorded for future generations the knowledge which bo had 
acquired in his long and вото Ші, Е 

In his writings bo named about 400 medicinal subatanora amd ін 
zalî to have made his own preparations, While Hippocrates did not 
compile What might be called a pharmacopotia, his books told of the 
uses of medicinal eubstances and how te combina them, and шга bis 
башт influenced médical practice for at least 2,000 years, his 
place in the fixing of standards for medicing: сарп) bo exaggerated. 
Dung this period many new schools of medical thought анаа and 
amd im maal of tham medicinal gabstanees found a place, 

In the розі-Нірросгайо period, reigned the Їагарын Mithridates 
Eupetor, King of Pontus, After hia defeat by Pompey, the formala 
for hia inmens medicine wee released. Tho Confection Mithridates 
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Wee improved upon by Damoorates, рава i Nero, ond Lata by 
Andromache, also n body physician of Nero, This hocame tho meat 
famous medicine of bistery. It was also known аа Conlectio Dam- 
aerate кий ва Tharian (һа he added #sah of vipers—tho name coming 
from "Tyrus, a snake) вэд 1,800 years later the formula was inchoded 
by Valea Cordus im his dispensatory. At thet time tho traditional 
formulas contained about БІ ingredsenta. 

Düoscoridea wma another Grenk physician whose writings were 
long a dominant factor in European mediano and who was probably 
п contemporary of Clandins (тайыш, commonly known os Galea. 
Galen was one of the most famous physicians of all history. На be- 
сыпа а celebrated medical wathority, Не lived at the tine of Marcia 
Aurelius and traveled widely, practicing his prolesaon ая he went. 
While born a Greek, he bocama a citiran of Bara, Ho was a volimi- 
mous writer on medical subjects xı well йв an experimenter in the 
preparation of medicines, macy of which he made from vegetable 
ж Жини пешин БИ оаа а РЕ ш 

ROMAN EHA 

The first Homan № prepare в formulary was Scribonius Larga, 
Physician to the Emperor Tiberius, about 45 E. С. This volume waa 
called Compositiones and wie more nearly of the type of the later 
Pharmaropociss of the fifteenth, sixtesnth, and seventeenth centuries. 
Besides the books which were being written, standard formulas wana 
developed by individuals and passed on ta future generntions. 

L has already been найда із the Confectio Damaoerates or 
Шегіне. imar нхий ба байы ай Nücamder, wna written in 
Tere on s in the temple of Aesculapius on the island of 
the birthplace ef Hippocrates, Another Tarian wan бий id Phe 
of Тагила. This was written im verse that it might be more easily 
remembered, Tis moth rare ingredient was the "Beah of vipera" 
and this remained а part of the published formula 1,500 years later, 
Апо ingredient which might be misunderstood was written as 
“tho red hair of a lad whose blood was shed on the fields of Мег. 
елігу," but this Wat only the picturesque wey te write бак тоо,” 
Other ingredients were opium, pyrethram, amphorbium, pepper, 
henbane, spikenard made iste а confection with honey. It was 
originally intended йз an antidote to polson, but was widely used aa 
8 рын) Bc сайн 

‚ came the decline of Rome авд its fall in the Б cen 
umder ibe attack of the barbarians from s cecil тын шиний 
and destroyed these earlier civilizations. In the following entari 
under the isfluence of Mohammed theme hegan the period of Arabian 
supremacy. Egypt жая overran and in 842 Alazandria was captured, 
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and than tha Araba агер on through Spain and dominated most of the 
habitable world for 500 years. Bagdad became an important бешт 
of learning nnd also Cordova a£ a later period, 


ARABIAN PERIOD 

Fortunately, some manuscripts of Hippocrates aod Galen had 
escaped ibo wholesale destruction of the Libraries of Alexandria and 
were pow bransladed inte tha Avahie реет with other Greek 
scientific amd philosophie writings. NET intolaramcs of the 
Arshing caliphs was abandoned, amd with tho establishment of 
universities at both Bagdad und Condora, teachers from the western 
werd, Christians, Таға, and Бариа, wire шыныны la being Шыға 
Ше imo іп which they were interested.  Miedirins, pharmacy, 
and ehensadry were барады |у encouraged, and under Caliph Haroon 
al-Rashid, about А. D. 780, bcapitala and dispensaries and жериги 
phare were cetabliahed іа Bagdad. 

An outstanding contribution бо medical slandards came about thia 
time from Mesué Senior, who wea bead of the Medical School of 

Bagdad during the reign of Haroun al-Raschid. His formulary was 
Эвсэг EIS Тай sg Leia ue س ی‎ hao Вы 
madal for tha Нені Гленіпа pharmneoposia. Ha wee nppeasd to the 
violent purgatives of earlier medicine and ін amid to have introduced 
the mild Inxatives теппа, саяны fistula, faired, amd jujube. His 
pupal, Jehanmituz, translated Galen's books into the Arabe, [roc 
which they were later translated into Latin. 

The head of Ша hospital at Bagdad іп 870 waa a famous physician- 
pharnsaslat commonly known ая Ерак. He wrote voluminoualy on 
medicine and pharmacy ood especially exposed many impostor. 
Two hundred years Inter another teacher, Моний ж daseloped 
im Bagdad, whose woek entitled “Grabedin", which was ав ahbreria- 
Шинэ od an Arabic word meaning compound medicines, was usw] аз а 
pharmacists’ manual for 600 years, going through hundreds of editions. 
It consisted of many formulas arranged ін classes, and many рғерата- 
tions of the earlier European pharmacopoeia are traced back to this 
Tormulary. 

Another eminent physician of the Arabian period was Avicenna, 
of the tenth century, aod also Maimonides, ihe latter born at Согф он 
in 1185. Maimonides із mos famous for his oath and prayer, setting 
forth an idealistic code of ethics for the physician and the pharmacist. 
Itm almost as Damons os the Hippocratic oath. 

Contemporary with Haroun nl-Raschid ын! the golden era of Bag- 
dad, Charlemagne reigned. На encouraged the growing of harba and 
the making of medicines by tha monks. The herb gurdens of the 
monasteria: of Europa during ibe eighth and ninth ceaturies 
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the vegetable materia medica and also а greatly increased knowledge 
of маву. The word "drag" also appeared about this tine, meaning 
n "dry herb," With thas development of the herbal garden them alan 
appeared шиплинлтрїж dealing with e and their maa in medicine, 
but they mostly dealt with charms and spella and contributed little 
to the knowledge of medicine, 

During tha ninth to the eleventh centuries an opportunity was 
offered at Cordova for the extablishment of a separata Jewish academy, 
and Ия influence rapidly spread through Europe, where many Jewish 
Physicians were welcomed nnd sucesefelly practised their prefamion. 
One of the beat known Italian Jews of this period was called Deanne, 
and his "Antidoturium" contained descriptions and formulas for 
шаву drugs and preparations, 


About the middle of the cleventh century there began n reawakening 
of interest im aris and selenees throughoat all of Europe. The 
Norman Duke Robert captured Salerno in 1076 and encouraged the 
development of the university нэ that it became the leading өйпен- 
tional center of middle Europe, During the next 200 years other 
universities were eatablished—Paria, Bologna, Oxford, Cambridge, 
Padua and Мариа--агд im all of them medicine and pharmacy 
were taught. 

The medical diretor of tha Medical School at Salerno at the bagin- 
шид of the twelfth century wee Nicholas Praepositus. Нів "anti. 
detanum™ became the standard for pharmaceutical formulas for 
centuri, and ha introduced the apothecaries’ syslem of weights and 
mesures much йз it is known today. 

А potabla advance came in 1224 when Frederic II of Sicily estab 
lished n rogulation requiring all physicians and compoundara of medi- 
cine to be examined and licensed by the Medical Scheel af Salerno. 
The pharmercsts, or as they were them called, the “oonfectionarti,” 
were required toewear that they would prépare all medicines according 
io the instructions of the antidotary of Nicholas Praepositus The 
drug dispensers were under strict inspection, and some preparations 
had i» be medy in the presence of imapoclore. Any attempt ta 
defraud subjected the offender to confiscation of his preparty asd an 
inspector салад violating the law waa subject to the death penalty. 

During the next. рл, from the twelfth to the fowrtennth centuries, 
many йїп] wnivenéties were established, but there was БЕЙ 
original medical knowledge developed, although during this Ши 
frightful seourpes swept Шинж, Europe, these including leprosy, 
егіні, black death or plague, and later syphilis, Те ia eatimated 
that 25 percent of the buman recs died from plague during this perind. 
This ага i» noted, however, pharmaceutically, for the establishment 


№ А w 


STANDARDS FOR MEDICINES—CÓOR 439 


of regulations for pharmacies and the seling up of udépendent 
pharmacies кші guilds governing their ргые ов Uhroughout much of the 
European world, 


FIRST REAL РВНАКМАСОРОРА 


In 1498 there wan issued in Floranes the first. real phermacopocia. 
This was эмир | by a commission appointed for the purpose. It 
was conde ор mostly of the formulas of Galen, Mesut, Avicenna, 
Rhee und Nicholas Praepossbas, A second pharmacopoela appeared 
ад Barcelona іп 1535. ЇЕ oot only contained formulas, but ale tho 
rue ñ whieh druga should be sold. 

In tha sixteonth eentury an "nntidoiary'" appeared in bwo volumes 
by John іне Wecker, Іп the second volume, of almost $09 pages, 
are printed thousands of formulas with the authori Hea for many, and 
her are баа meat ef tha famous names m тай па for the 
past 1,200 years. Неге the Theriaca formula ls attributed to Galen, 
und i& included 690 or more ingredients with a full page af dizectiona of 
manufacture. Бий Тінгімен was believed to be à өресі qana 
for the plague, it wan largely in demand. ‘Then came the compilation. 
of formulas by Valerius Cordus, published by the order of the city of 
Nuremberg im 1546. Тын waa morn nf a dispensatory type than а 
pharmacopoeia, although it was long looked upon as the fimt real 


pharmacopotia. 

A similar compilation of Termyulas appeared in 1584, known ая the 
Augsburg Pharmeoposia, and it also had much infuenre over latar 
phazmnoopociaa, 

LONDON FHARMACOPOEIA 


Emt now eame an outetanding event in pharmacopoeia making— 
the appearance of the First London Pharmacopocia іп 1018. It had 
hers sponsored by the Collage of Phywelama of Landos, and special 
eosmittess wore appointed as early ая 1559, but these eosvmittena had 
to be reorganized and it finally appeared almost 30 years later. Tt 
contained 1,028 simple drugs and 992 preparations and waa thardfore 
quite ñm extensive work. 

Tt did not depend wholly upsa the older formulas banded down for 
євцїнлзра, but included many prescriptions attributed to contemporary 
wuviheriti, Hara are found many familiar medicine of today, such 
аз polamium kitertrate, sulphur, potassium nitrate, calomel, had 
acetate, antimony oxide, alos, calcium bydraend, seamony and ваай. 
There were anle many revolting aubetance, expecially among the 
animal drugs. 

The appearance of the London Pharmacopoeia abunslated the 
physicians of many other cities to sue pharmnocopocins. In the list 
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аға Fara, Antwerp, Brussels, Edinburgh, Dublin, and ethers unglar 
the nama of солпінеа, aa Prassla, Samay, Württemberg, and Spain. 


РНАНМАСОРПЕТА OF THE UNITED STATES 


Tt wee chilly the Pharmacopocias of London and Edinburgh, 
however, which inspired the firat edition ef cur own [Тыйым] Salan 


To mow фото іс our cwn риаппасорийн We are accustomed, 
in thm generation, to seeing strings of the letters of the alphabet 
erorywhen we burn. ‘This із &» common that one wonders if there 
might сой be а deficiency amd a need for new symbols to oxpress the 
many gorermmental or other activities constantly before the public, 
This custom wna widely established during the World War (1014- 
183, largely ір the British Army, bet Һай developed to а mazxunum 
in our own period of the New Deal (1932-20). However, long 
before the alphabetie symbols of the World War or the New Deal 
were thrust upon us there bave been known nnd used by physicians 


Dates. "P." stands for a word kang established but noi often used 
br the public—the word "Pharmaceperia." 

Tissa ааа, “17. 8, Р." ara frequently found upon labels o£ nusdici- 
in the package or bottle maintains the standards of strengih and 
purity established by the Pharmacoperia of the United States, When 
а pharmacist orders medicinal substances for ue in manufacture ar 
in the Gilling of prescriptions, be usually writes "U. 8, P." on the 
önder. Ну thia пала he ік axaured of a high-grede prodest, uniform 
im quality and suitable and safe fee medicinal ven. Tf, when the 
layman enters а drug store and purchases certain of the commonly 
used and wullssinbhshed home medicines, he insists upon having 
U. 8. P. quality, there m the ашпа protection for him аз for (lose 
connected with the i 

Unifermity in quaEty sack ай la now insured by U. 8, P. standards 
жаз nol always obtainable, The development of superior quality 
amd consequent ellickency in medicinal substanca representa mony 
Fears of sooperative effort on the part of plisicians, pi i 
and the Government We nre fortunata in having at our commend 
this accumulated experience and an onpaniration which establishes 
UN for medicine withis the United States. 

As has already been intimated, ЇЕ was customary in the American 
elel for physicians and apothecaries to employ the pharmacopocins 
ef Europe és the Баян for the medicines. These were generally 
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recognised as standardized. Іп the English colonies, the Pharmn= 
сөресіне of London and af Ediabargh were employed, bat soon after 
the establishment of the Republis the possibility of having à national 
рлагаинауросг for ibe United States of America was recognised anal 
wren mericus consideration. Wheat i ой spoken of ва the "Fimi 
American Pharmatoposia’ was а amall book ог formulary compiled 

in 1778 by Dr, Та Жека ice reu in ба hantin of Илии 
Palen pati The limited scope of this publication accounted for 
the failure te have На use extended into general mondial practica, 
However, the physicians in general practice were ambitious to estab. 
lish their own standards, and En 1787 а committes of the College of 
Physicians im Р ПАД рын was appointed for this purpose There ia 
no record of any report. from that остати. 

In 1805 the Mossacluseiia Medical Boce£y wos responsible for 
the базалне of what became known as the Masanchusetta Pharma- 
соронж, but this had only ú Heil usa asd alo waa Пена іп ite 
acope. In the main, the Massachusetts publication waa based upon 
the Edinburgh Pharmacopecia. The subject comtinged to be agi- 
шин, and various mndical centers prepared preliminary eompilitisza 
embodying loca] or native planis, the Medical Society of South 
Carolina having done this ая carly ав 1708. The ашыш гөвж 
froma the appearance of the pbarmarepocta залил тай by the Medical 
Gocbety of Mamachusetta was the nucleus for Increased interest, and 
in 1815 the physicians and surgecca of New York kad organized for 
the preparation of their own pharmacopodia. "This appeared in 1818. 

To ome шап is universally give the credit for the inspiration and 
the organizing ability which "ааг loo эй the Grat edition 
of our nationnl pharmaeopoein. That man waa Dr, Lyman Spalding. 
Не had long recognize] the importance of this шар and ін known із 
have discussed the question with Dr. Barton, of Philadelphin, while 
visiting im that city in 1805. Dr. Barton wea à profeasor of materia 
modica and elior of the Medical and Physical Journal. His bo- 
tanical gardens had at that time acquired work) fume and in these 
firdend Һа had particularly cultivated пашта шим па! planta, 
Dr. Spalding presentml в walkformulated plan to his New York 
хорин ір January of 1817, and а cussitie ны so 
marist kim in developing the program. Tha committee nut and 
invited medical organizations іп Amerien und bread to offer aup- 
gestions and to lend their support: In socordance with their plan, 
&&etional conventions were called ta consider the proposal бо establish 
а pharmeccpods ard each to geni plane and outlines. Two of these 
sectional contentions пым; one in Howton шиі the second іп Phils- 
delphia, A Шылі called ns a "Sogthern Convention" failed to secure 
Ë qoorum, but arranged for delegates to attend the Washinsgean 
convention ал did also those invited to form a "Western Convention.” 

1:1НЖ--18-- = 
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At the preliminary meetings im Boston and in Philadelphia very com- 
ріне drafts for a proposed pharmaeoposa were prepared, the con- 
tents being largely based upon the then current pharmacopeoeins oi 
London, Edinburgh, and. Dublin. 


MEETING GF 1820 


Following out the plan, representatives of these asctional sonven- 
tions met in Washington, D. C., in the spring of 1820 and, after giving 


ын! the mew pharmacopocia was uel the following December, 
This new book of standards received the general approval of the medical 
and while there were some criticisms, the starb had boon 
made for national енна upon the titles and quality of American 
medicines, Cher 100 of the tithe in the primary list of medicinal 
smbatanees in this Grel pharmneoposin have been carried forward into 
revisions, showing the careful character of the selections 
and the rather remarkable knowledge of medical aubatamees wt the 
beginning ef the minsieenih century. 

Опа important feature of this book wan the number of formulas 
for chemical substances by which the üpothesary could prepare or 
purity them for medicinal usa. Tha list of vegetable drugs consisted 
mainly of tithes and de&zitiona with Gite effort farther üo standardize 
the substances. There were, of cours, formulas for учир Жнь 
papular preparations of the day. In йсондкпг with the traditions 
of the profession aa exemplifind by the pharmncopoeian of that day, 
Шы desk жая prisbed on the left-hand page in Latin, with thé trinala- 
tion in English en tha right-hand paga. 

A featare of Dr. Spalding’s original plan — M— 
the conrenbon im each succeeding decennial year lor the совамі 
tion of further revision of pharmacopoeial stndarda, ‘This program 
was carried through saccesafully from decade to decade, with a widan- 
ing interest, and with the addition of pharmncssis to the deleguies 
af the 1850 convention. From 1820 te 1870 the general style of the 
Pharmacopocds remained the same except for the omission of Latin, 
beginnisgr іп 1840, and the addition of new medicines ва hie were 
developed. 

During this time Ши retail pharmectia ын moss of their prep&r&e 
Hons from selected row material, often collecting their own vegetable 
drugs, ї there was na need for testa to prora that the official preducte 
conformed to the standard, However, when the time camo for the 
preparation of the Pherecopesia of 1880, й new сен! нш waa rapidly 
developing, "There had new grown up in the United States a number 
ef chemical and pharmacestical manefacturers who were selling ready» 
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made medicines to the retailer, and this relatively mew problem пава it 
M s eal тыкы ай кы (егінге 
which were Tham begun a new раа іа pharmacopesial 
activity and largely altered the appearance and charncter of the book. 
There was thé same careful selection of therapeutically important 
substances, based upon the needs of the medien] profresion, and in 

many instances there recuaimed the manufacturing formulas for Шоев 
wht diré bs nes Шиши, but the cutetanding new feature we п 
sers of lesta and assays whereby tha finished product auld be 
subjected to n check upon its quality and even rejected if thara waa 
faire tà meet the requirements. 

With the expansion of the services of the manufasbaring pharmacist 
ond chemist, the Pharmacopocia dropped moat of the methods of 
production fer chanicals and also many manufacturing processes for 

ticala ‘Theat were excluded because it was now no longer 
possible to make them in the shop of the apothecary with any degree 
af seqetan, bat proportionally the testa for strength and quality in- 
created, ‘Teste and says have now been aidli further expanded anal 
are ап rasontial part of the modern pharmacopoeia. Up to this 
dame, practically all af tha DEnparinnt па хя of the world hed thar 
own рһағтагероваа, With the inereaae in travel һын the 
world there began to be agitated, during tha latter part of tbe nine. 
teenth century, the ides of ап international effort for the slasdandi- 
milion of medicines, Tha fact that patiante who had secured Fiili- 
cines in one country lager had Беу in having their prescriptions 
renewed elurwhera waa the excuse for such agitation, Great тыгік- 
tions im tha strength of preparations and even in the quality of drug 
was shown to be true in different national pharmacapoeiaa, and con- 
aiderable effort was made to develop what would be known as an 
intermational pharmacopoeia. But tbi did nei mest with general 
favor. This is natural, since national pride enters into the publicu- 
tion and also fendamental dillerences in ihe practices of varises 
nntinna, so that areng opposition developed immediately. 

хн аккын кин п RIA MIN CO NE IE 
atagdarda or formulsa for medicines, and the idea of an international 
pharmaeapeeia was abandoned. However, Шаға cara а happy ишг- 
gesison, originated apparently by the pharmacists of Dramele, This 
embodied the idea of setting up international agzeemenia for specific; 
item, these to be the gore posent medicines, On the invitation of 
the Belgian Government, the various nations of the world were пан 
to sad delegates to Brussels to consider the ғаға Нізіншелі of much 
standarda, and the firet бол отепов waa convened ін 1902. 

By the plan announced, mo nations would be influenced or par- 
suaded against their wills to adept in their forthcoming plarznacc- 
Potions the recommended асаад а, On the other hand, there тос 
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be many advantages to each nation із hare uniformity in the strength 
ef the more potent remedies, and the plan met with wide favor— 
retaining нь it did the inherent integrity of each nntionnl standard. 
Пу thas agreement, all preparations ecebaining ағыза were made 
of eniform strengih. Маву other proparathea which would ba 
poisonous if inken in excessive dose were brought іс в uniform degree 
of sirengih, For instance, а very important class of preparations— 
the Шізгілігій-елігінзе made of 10 parant strength for all of those which 
were highly potent, including preparations of euch drugs as digitalis, 
eapaieam, opium, sconite, ete, — Prior to this agreement, the sirengths 
44 potent tinetures varied from 5 t» 50 percent, and the new wni 
formity ibus climizated the danger of abnormal боваре or inferior 
therapeutic alleeta which might have resulted from the filling of a 
foreign prescription in a local apothecary shop. Tinctures of less 
active draps were made 20 percent, 


THE FEDERAL FOODS AND DRUGS ACT 


During the first 80 тайға of the existence of the Pharmacopoeia of 
the United States, conformity to its standards was voluntary. 16 
арғын well for the codes of ethics infloemcing the medical and phar- 
praesta] predessionas thet this national standard was widely fal. 
lowed amd the purpose of the pharmacoporia thus carried out. Hom- 
ever, lor the maximum of Йду, it waa belinved important ta 
enact laws which would enforce uniformity in etandards, Батага! 
States hed undertaken the pussnge and the enforcement of зас laws, 
and the question became a national issue. Under the aggressive 
huadarship ed Dr. Harray W. Wilay, СЫН of the Eurenn of Chemistry 
of the Department of Agriculture, and with the enthusiastic support 
ef many physicians and pharmactata, thers waa lnirel edl inte Coa- 
press and eoccesefolly passed. what haa become known ва the Federal 
Food мн! Drugs Act. This low was алгыг рамым іп 8008. Under 
this logilaizon tt is required thet обоа) medicimal subsinnces shall 
шанага ihe sirenpth and conform із the рагу standards of the 
Phnarmaccpoeia when sold oz dispensed as metirinos under the official 
names. There is а provision in the law whieh permita a modification 
af tha ficial mnandarda kf this aet ia eloarly Байа проп iha labs, 
This із known as the "variation clause" and is intended to provide 
for justifiable modifeations in official standards such os bell-strength 
timeture of kaline, The Баян principle underlying this law i терге- 
sezbed hy the principle thet, “The product most always he trae ta 
its label statement.’ 

' tho extab5shrmemt of thie nnatiamaldrug law, which ia 
operative only in interstate commerce and im the District of Columbia 
and the Torrione, moat Sdates passed similar lawe to enforce ihe 
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шайитайу of standards for medicines within that State, Inspectors 
were appointed and specially trained chemista having established 
chemical laboratories were developed to enfores [hena lawa, and a bigh 
degree of uniformity in medicines was thus онд л, — Recently, 
Congres and the médical and drag world have been agitated by 
proposamsis thot the Federal Food and Drege Aet be perised te be 
made more effective ший also > inebede commotion within ita scope, 
So far thia law hes mot been passed, although several drafia have 
been given careful study and ore mow pending in Congress, 

There із wide approval of sach added legislation in the interest of 
public health, and those whe авс alleeted hava largely cooperated in 
trying to develop appropriate asd enferesabla lawa. 


KEEPING THE STANDARDS MODERN 


Ш the deseriptions and formulas cotablighed for medicines іп 15820 
wore m fores today they wold ba entirely inadequate. New medicinal 
prodest are constantly developed through the activities of medical 
reasanch. IAN. Зан тк шини анына apana 
they properly find a plate im the вехі pharmsscopona end they call 
for properly developed standards. — Products which have long been 
olficlal frequently need modified tests to control their degree of purity 
ar Lo better determine their strength. Арып, added tesis are samo- 
times needed to cheek newly discovered foreign aubataneem which 
appear in compounds, perhaps becan of modifications in manufac 
turing procedure. In other words, there ба n constant necessity for 
roviowing the standards of obier compounds us well ва establishing 
testa for those which sre ñaw, 

Is the Inst Pharmacopctial Convention, held in 1080, the delegates 
"were mostly from Ши notional and State assorintions and tha eollepra 
of both medicine and pharmacy. There wore also representatives of 
the departments of the Goverment iniervabed in health. Teas di- 
орама developed the general policies governing the pharmacoposial 
revision алй alee «сс the members of the committes of revision 
to revise the standards asd a board of trustees to direct the business 
side of Ша organization. The eammitten of revision of the pressat 
pharmaecopoecis member 51 with a large group of auxillary members 
ас йн for thelr special ability or knowledge in apoie өсіппішіс 
folde ‘Tho mmediral members of the committee are largely held re- 
sponsible, in the initial stages of revision, for selecting the medicinal 
substances which are considered of sufficient importance to be officially 
recognized, 

Tha othar members of the commities are pharmacists, chensista, 
botanisia, bactormdogista and others represemnlimg the many rulaied 
sejana, Thess manabara amame Eha reaponsibilsty for firing Hand- 
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ага for thos substanecs which are admitted. "There із need" for 
thorough knowledge of the botanical cherectoristice of droge and the 
selting up of stendards for these. Here the microscope із an important 
ecientafic instrament im determining the quality and identity of the 
drag. Tho plant structare of same specific microchemical test piving 
distinctive colors or crystals or reactiona enter into the preparation 
of lal irda. 

In в number of Бава where Еһаға are арын а eryetallina prin- 
ciples of the alksloidal type, аз іп cinchona, which contains quinine 
and related alkaloids, as im mux vomica with iis active principle 
sirrohnine, or in opium with morphine, codeine, ote, аа the active 
agents, or іп drugs of a similar charscšar, testa ага required by which 
thes highly poteet crystalline principles ary extracted amd their quan- 
tity actually weighed or otherwise setimated. This mathed of рт- 
eedure із known as в “ргол аба atsay. 

In ether druga apse pee SAKA br substances which 
автор ba extracted or weighed but the potency must be measured 
le ther action са animals. For instance, ibe very important drug 
egok bas within it various alknloidal substances which produce dis 
tinctive physiologic «Несіп пров living mê. One Lesti, which haa 
bem widely used, depends upon tha effect of one of thee principles 
upon the comb of а roster. The change Із due te the contraction ol 
the іва or amall blond vamala im tha comb, esusing ft to become 
darker in color, amd the degree to which this is affected by known 
қиғаны of the dreg, in comparison with a standard, la ene Бабаи 
Tor determining ita potene. Other. МеЗ ас! teats, перабег Ве 


гале, a, the absence of toxicity in 8 chemical such as uruphenazine is 
termined by ijecüsg the subsiamcn into mice to waro freedom 
y tori substances which might otherwise prove 
i yay n Other medicinal mgenta, chemical in nature, are 
Manchadized by many ingenieus testa 
А тышын! will bring about а distinctive color or в 
precipitation от сална ынты piber rection which indieabes identity. 
Then the substance js usually tested for foreign substances or вы 
teranta and арапа dsalinclave гомсЗвоол rewal when standard reagenia 
are added, ond these гэ сав the absence or the preaenee of wash for- 
eign gubstances, 

In the manufacturing of chemicals there ін always danger of 
introducing foreign materials. These may come from the apparatus 
used in manufacture, or from the chemical substances entering the 
process, or from other сатам. Sa thers nre usually testa to exclude 
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common mdulterants. Another serbes of testa for жіпке all chemical 
substances dala with the idestity of the product. 

Chamárah аға also frequently aatayed by quantitative methods 
фо determine their percentage od purity, Sometimes ihis is n simple 
chemical reaction such as the newtralizing of an acid with an appro- 
priate ашингай of standard alkali, the indicator showing by color the 
peint of newtrality and the caleulatinn proving the degros of purity. 
Other asaya are much more complex but the objective із identical 
and the testa бо applied that excessive amounts of foreign aula linia 
will ba detected of the afficinl quality of tha material under inveitiga- 
tion verified. Frequenily the ingenwiiy ef the chemist m tried to a 
high dagres іп maintaining accuracy and skill im carrying cut these 
tate Sone assays аға relatively simple, ús Tor instance in the oint- 
шеші of Gerry in which Ши fatty vehicle ін dissolved by a suitable 
solvent, having the metallic mercury which can be dled and weighed 
io determing the strength of the original ointment. 

In recent yours, а mew seriem of tesis have been developed dealing 
with the vitamin activity of cod-liver ail Ошу а few years nga i 
wa demonstrated that thera existed im this remarkable oi] at [east 
two factors which were essential for маны. А deficiency of either 
of Шина im hamassa, and especially іш children, is often the causes of 
явав. physieal] defects, The amount which ін present im the nil 
u&dér exazuümaüon im debermimed by feeding it i measured апп 
to ruta whieh have been Кері on a disê free frem the miaran usder 
tet, and with tha animal consequently suffering ibe churacteristio 
deficheney Шоған, ‘The amount necessary to restare the animal to 
health цийїсалаа dba amount of thy vitamin present. Тін resulta of 
such assays ane besad upon the average of û nember of testa ond ean 
only be decided when they have been carried out prer many week 
of experimentation. 

That these оја] testa for identity, purity, ава віта may ha 
катер earthed out, by both the producer ol a product and ihe 
traleing and experiance far tha scientist carrying out the tasta. ‘This 
immy of experta, guarding the manufacturer nwd his produrta, and 
those supporting the activities of officers of inspection In the Federal 
and Sinte Gorermenta, represent n larga group of иаша 
who are actively engaged in an important part. of the health program. 

The mambers of the сонин of revision serve voluntarily as a 
eantrilvatiam t tha үнэ дан ра and to publie welfare. This principle 
Of volantary service brings about nn пияни] degres of enoperation 
between the enforcement officials of the Gorerement and the masa- 
facburéra Of medical preducia азн! the oxperta in thes folds as- 
ciated with colleges and universities, 
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NATIONAL FORMULARY 

While eenphasm has been placed upon the Pharmacapoea ns the 
book whieh fixes the standards for medicines within tha United States, 
a second book called “The National Formulary’ (abbreviated “N. 
F.") ia also recognised under the Food and Drug Acte, nnd medicinal 
produeta sold ender tities found in that book most conform La Ил 
Matdards inlas а venation clearly indicated on the Пана. 

The U, 8. P. and М. F. ace поі duplicates, but each occupim a 
distinctive place im the medical Geld. The contents of the рһаттай- 
сорон Бате alunys represented a ecloctlom of those therapeutically 
active agents which, in the judgment of the revision committee, were 
tha mæt important af the daade іп whieh the Phariiacoposia mis 
іезей, Ti also recognined soch other substance ва might be needed 
ty standardize or from which to prepare those selected medicines. 

Tha Pharmacopoeia also restricted moat of its therapeutic agents 
to "simples" rather then to combinations of thes on the theory that 
a physician should write а prescription for each patient, combining 
the medicines, чи аг chemical or other substances, in the propor- 
tion and with the vehicle which he believed best suited to that 
particular patient. 

Tha National Formulary, on the other band, admitted and stand- 
ardiond other medicines which wore sometimes used by physicians but 
which were not believed to be of өшімді importance or suitable für 
ddmi ba the Т E. Р, The М. F. also admlited some ргерага- 
fiona of U. 5. Р, еріне іа the form of solwtices or combinations, 
already prepared and suitable for the physician із prescribe without 
devising his cwn prescription. The М. F. also contained many older 
drugs and preparations for which there was some demand and a few 
шит preparations which had mot тей been mefficientiy proven to 
receive pharzgeopocial acceplancn, 

These two books, through their combined policies, аға expected ta 
include and siandardiss tho medicines which агь most frequently 
prescribed by physicians within the United States, but as they can- 
net give recognition to patented or trademarked medicines, or ово 
which are secret, there are many pber medicinal producta sold within 
the Uritad States under privata brands for which there la no official 
мандан. Howerer, under the Food and Druga Acta, thee unofficial 
products must conform іо the clniza made for them by the manu- 
Taeturer and, while this із frequently evaded by the omission from 
the label of any specific statement na ёл strength or purity, the law 
operates elfectivaly in some instangss, especially whan the product ін 
а РШ ог table of mn айм! substance and На strength must, of 
ютей, be given. 

Another present-day publication should also be mentioned, although 
it ia not an official publication and ita stasdards are mot. enforceable 





under the Food and Drugs Aet. This is the "New amd Nonofficial 
Нени оа" of the American Medical Association, 

Thi book lists mostly proprietary medicines, bet only those which 
comply with rigidly astahlishəd rule which are enforeed br tha 
council on pharmacy and chemistry of the American Medical Asso- 
elation. ‘Thess rula require the eliminstign of all secrets os іс 
identity nnd composition. They also regulate the type of advertising 
which шау be used for nonprofessional publieltw. АЛ Tales or mis. 
leading claims mast bo avelded amd the title must be acceptable to 
the eeuneil and miat myt augeat Ия uas in treating disease through 


aelt-medication, 

The force of this publication resides im the desire of ibn owner of 
the preduet to ocsupr à favorable position before ihe physicians 
ef dhe country and in this respect it his rendored an important aervice 
to the medical world through the maintaining of high standards of 
purity and promotion for miny medicines which could not be con- 
trolled by the Food and Drugs Act under the U. ЕЕ æ N. Е. 

Still another publication should be given recognition in the field of 
medial standards. This is the Official and ‘Tentative Methods of 
Analysis of the Association ef Official Ариг наа! (heeviets, This 
is в compilation of standards and analytical moethods pablished by 
the A. O. А. С. шый ассгьдНАА by dhe бастайвгу of Agriculture of the 
United States for nao іп the enforcement of food snd drug sinndirds 
in actions before the courts. The methods for testing were primarily 
for food, but methods for testing unaeñelal druga and preparatinna, 

tablets, have bees added end Шин eetebligh ал additional 
basis for the standardization ef moder medicines. 


THE INTERNATIONAL STANDARDS 


An explamation of the observations of the so-called Brussels 
Conference his кігеніу been meda. This Grat reef із 1907 amd А 
Бегет session in 1925. Тін ізетті character of this eonferenee 
ià indicated by iba laci {hat in 1925 dhe тәртекепік тов of 52 mations 
participated. Ая has been explained, the Brussels Conferemes agreed 
upon uniformity in etazdards for pobit medicines, also upon the ports 
nnd yorvedies of the drugs to be used and established international 
titles. These recommendatices were left to voluntary adoption by 
the participating nations in thelr forthcoming standards. — Newdless 
to sy, Chay have bess widely accepted. 

А new Hep in informational standardizatinn was brought about 
tbroagh the cxtablighment of a Health Crganizatinn из n division of 
the League of Nations. This ар bis bese particularly interested 
in tha satablishment of international standards for a сала of тамд лол 
which аге evaluated by testing on animals li hes undertaken the 
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шїп of isse throughout the world ва a basis for uniformlty In 
заг, In the Боса! division пі the organization, inter- 
nntional standards bare Їнха se up for digitalis and posterior pituitary 
and also for the ший! valss for vitamins A and D, for vitamin Bñ and 
for vitamin С and for the osstrus-prodocing or ovarian hormona. 
Integnadional standards hove also been adopted for same af the 
biologicals including diphtheria antitexin and totanus antitexin and 
ales for arephonemise ond insulin. This intarnational sarrioa ia being 
utilized by the phurmacopodias of the world in the establishment of n 
uniformity ін poteney for Шинээ very important medicines, 
PROPOSED SECRETARYSHIP ON PHARMACOPOEIAS РОН THE 
LEAGUE OF NATIONA 


Tha latest more for international agreement on pharuacopoeial 
standards ja an outgrewth of tha Bat ыы Сәпііттене, ‘This m 
the proposal that thero shall ba established ва a division of the Health 
Ckpanieation of the League of Nations ша о са under the supervision 
ef in international sscratary for pharmacopociaa under whose direction 
there can be assembled for tie benefit of ай nations the scientific facta 
which havo а bearing upon the standardization of medicinal substances, 
At the presant time each national pharmacopocial commission ka com- 
pelled to assemble this information independeatly and of necemity 
with а varying degree of completeness, Ш this wore dona for all tho 
nations af the world through this international organization, such а 





THE HEALING PROPERTIES ОР ALLANTOIN AND UREA 
DISCOVERED THROUGH THE USE OF MAGGOTS IN 
HUMAN WOUNDS" 


Еу Win Fomes 


А few yours Бо Пт. William S. Baer (1020) presented а new авд! 
unusual treatment of ghowshealing wounds such as the persistent and 
widespread bene disease kmown as oiesmuyelitia Sterile Мете 
Байрлал wire plated directly inte wounds that had failed ta heal 
under other treatments, and after à few арал virium 
wounds іш general became cleaner amd healing began io Lake place, 

In the ғагіу work of Пт, Baer and his associates, Dr. F. C. Bishepp, 
Of iba Bureau of Entomology and Plant Quarnntine, was called upon 
to sid in the development of methods of producing surgically sterile 
шарав іп ample quantity for the suzpeon'a use. From thia early 
ырп entomologiata have continued investigational work in thia 


=. ыла ықш The 
original пгізгіев describing im detail the пайлга of the research and 
the results obtained have been published chicily im medical journals 
fisted at the ond of the paper. 

Tha Baar maggot treatment attracted eonsidorabls atiantion, and 
spread rapidly ibroughout the United States and into Mexico, Beuth 


LE animal material, amd this loathsome habit raturally muge 
gested that in wounds the maggots remove necrotic tissue amd pus, 
Robisaqn amd Norwood (1933) found farther that tha maggoia аға 
able to digest and destroy pas-formáng bacteria. These habits would 
acovant for the cleaner condition of the wound and thereby make it 
тіге favorable for healing. ‘The progress of healing in resistant cases 
ed long standing was sometimes outstanding, however, and indicated 
that the maggots were ngi only acting as scavengers but were actually 
injecting в potent healing gubetanza into tha wound. 

"LH balke Ea Lh Erba ci dk А ны Мыз ara кырын boc в Етлотоофү нь! 
Fia Geen, UO 8. [рышы] ы apie iti 
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А search for ibus healing agent wan therefore attempéed. (m the 
ene hand was the interesting phonomenos of blowfly maggots appar- 
ently producing something that atimulates healing in human wounda, 
Cm the other hand was the biological certainty that maggots would 
nol do thia merely із benefit their кө, “Throughout all mature no 
organi does anything primarily to benedit an unrelated individual. 
Any good effect arising from tho sasoclation must be the result of a 
secondary or involuntary act, In the case of maggots this would 
include the fenetiss of акта Шап. As thé fecal and urinary products 
of maggots are abundant and conspicuocs, а study of them was 
undertaken first, 


By means of п simple correlation the problem became further 
Clarified. Їл tha first placa, it waa commonly known that tha app- 
cation of macerated embryonic Шатен to nonhealing wounds has 
frequently hastened healing; and the presence of allantois Maid in the 

кешенй the main constituent, allamtain. 

It was alas тит thet in the urine of many mammals all&ntoin is 
present, Tres it hid not been reported in insects, but urie acid, 
from which allanicin is oxidized, 8 conspicseusly present. With 
theses facts ал n basis a search wea made for allantain in the excretions 
of blowily шаррой. 

By Ша following procedure maggot exereiions were readilv òb- 
ined im жеш quantity io permit identification of Папір: 
Severn, Haare nair Га рте mageols were reared under both 
napio and nomsterile comditiona, They were placed in glass funnels 
Which теге stoppered with Фоа and half fillod with small glass 
beada t5 prevent of the maggots, Tha maggots wero 
Grasiomally sprayed lighthr Water from an atomizer to facilitate 
drainage. The excretions were allowed to drip into beakers for 3 to 
4 hours. With Маг) maggots азер: technique had to be used 
throughout the collecting process. A chamital analysis of the liquid 
showed allunicim to be решш. From 20 ос lots of both sterile and 
Têm tele liqwid, allantoin waa separated in the crystalline condition, 
purified, and finally identified by comparison of ita melting point and 
Ив = i-i erystallographie properties with those of an вшмпйс 
sump 

Interest was added to the investigation by finding about this time 
ав article by Macalister (1012) written 22 years proviously in Enp- 
land, stating that he had used allamicin successfully in the treatment 
ef chromic kon, He hed obtained it from the rota of a plant 
called comfrey. Tha original discovery of the healing properties of 
uBantein by Macalister met with БИ» response at that timo, авд, 
uofortenstely, was soon forgotten, 

"ъа бааа шй йл Н) ЫЫЫ In iş experiments wars ранын ky Dr. E. Р, Clark, 


AF Iba НЫ of Тозны. [е=ыйшыйыш of the armes a! Болса ded Pini Qumranrisa, : 
Di. U. L. Кыйың, 47 би Feel and: Drag арабы, T. B. Тэрний m Арнаийгга, zx 
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Ты amount of allantoin in maggot excretions із too small and the 
probas of extraction too involved to make Иа use pracieal. Mors- 
over, there ін thn natural dislike of a drug obtained that way. Баг 
tunately, pure allantois prepared synthetically for scademic purposes 
wis available in the United States, Tê is very slightly and dl slowly 
өзінін in water, 0.8 percent being saturation. Im these oxperimenta 
а (5 percent solstion was used. 

In coopération with hospitals in Washington, Now York, and Filta- 
burgh, tho offect of nllantoim in stimulating healing was carefully 
мей. It wee applied on gauze dressings thoroughly wetted with 
л salên amd renewed daily. The types of wounds treated were 
ehromie varicose повете, chronie ostenmyehim, ond menkealimz hant 
bura, After à few daily upplicationa it beoume evident thet папе 
ойл жы bringing about an improvement in the wound similar b» that 
produced by maggots. The odor was reduced, the wound became 
cleazer, ond small areas of normal pinkish granulation tissus could ba 
aen growing im the wound. This wea followed іп moet cnsea Бу a 
general development of mach grranulation tissus, 

The methed of preparing Allantoin solution for ume was to heat а 
Шар of зан. water t near the bolling point, then to add 5 gramma 
ef allàniohn crystals aod кешір heat without boiling until ай tha 

were doled. The preparation of a water solution should 
bê done with reasonably імірбіс precautinna, ка the aobetien cannol 
ba asteclaved or boiled. Мой онаша! иенийн of tha шанаа 
ком contain а disinfectant. Allantoin is маМе, mild, and soothing, 
und tha aslution has во taste or odor, 

Мінлісіп ia s аша occurring naturally in enimol tizsues, nnd 
it is olay widely distributed among plants. Tẹ is n mmetaboSe product 
шид generally régurded ал waste material. When the nucleon of ба 
pe] breaka Gown it yields muclde acid, and gralanlly through a process 
of simplification шїс acid i» prodeced. Man and the manlike apes 
ата unable to apit uris acid amy farther, and it la, therefore, excreted 
іп the urine in that form. Strangely enough, ofher mammali have 
in their tenes ша enzyme called urease, which oxidizes тіс acid ono 
&bep further, and thè réalt is thé formation of allantoin, a stable end 
product of шан жп. Many kinds of planta prodece allantoin in 
various parts of thelr structure. 

Айаг a considerabla number of chronic purulent балга bad been 
tronted successfully and with no evidence of irritation or other harmful 
«Насаа, à proliminary report was pablished in the Journal of Bono and 
Jeint Surgery im April 1035 (Rabineen, 1998). This wie dena М 
едініз ша са! readers of cur findings amd to тінте the ssope of 
the clinical testa, The result of this report, bowerer, was altogothar 
unaxpaeted. Newspapers end journala tesk tha atorr and at intervals 
Ерго оа k the following year pablished sooounts of it in ther pages. 
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‘This led to waves of publicity on the healing properties of Аааа 
sed mrüuaml a заа! amount of interest im the subject. Aa û conte. 
quency а large namber of physicians and surgeons obtained allantoin 
amd used it clinically А4 the sume time many izequiries came in from 
people who wanted to treat themselems. > 

Thus from a beginning in which only à few enses of burns and uloera 
wen: treated experimentally, tha usa of allamboin became extended фо 
include treatment by tha medical profession of puralent infections 
of the eye, middie баг, вова, and mouth, chron: osteomyolitis of ай 
bones, amema, severe sunburn, pruritis, diabetic and хаг 056 ukesra, 
and suppurating heat and X-ray burns. | 

To illustrate further the remarkable bealing properties of кікпісіп, 
without golng into too much Пава, hut to show the wide rangs of 
weands which respond іс the treasayeni, a few typical cases аге das 
aeribed from information pa nplad ky car modieal екені Бора. 

Аш elderly women hed an infected eye removed, amd despite every 
treatment to reduce the infection of the aye socket i Hailed te banl ағы! 
eenünued to discharge for 2 years Finally, whan the айга} waa 
packed with wel аанай dreming it responded promptly and healed 
in less than 3 weeks, 

Fellering extráction of a «ініні molar tooth іп а man, tha 
jawbone became infected, Two operations for renoval of dead bona 
ах subsequent ігәгішені For 9 montha failed to check the discbargo 
and bring abest healing, Allentein solution waa then used and 
broughi about a cemslion of the purulent discharge and completa 
healing im months ` 

Diabetze Шона of thé foot аға very unpleasant amd difficult eandi- 
tions to treat, especially when the patient hea to continue actively on 
his feet, Buch ulcers frequently resist healing despite the best of 
treatment, With such а background of Га ага to heal, an application 
of allantoin ointment inside а protective pal enabled n patient to ha 
trosbel түү най pong to bed and resulted іш aatislactory 

А raum with ehronie discharging X-ray burma of the foot had tried 
many kinds of urasta without күші, and for вутага! years walked 
with the aid of crutches. After using allantoin sobstion for 2 months, 
he waa во far recowersd that he discarded crutches and цаад only a 
came. Further treatment during tha пәлі [алг жа amabled hiri 
to walk normally wiibest support. | 

Following an operation for removal of a kidmey from a woman, tha 
imelsion, Which bal partially healed, broke down with somidarabla 
discharge, odor, aud pain, nnd remained resistant to all types of treat» 
mans [ar 3 waka, Daily packing of tha wound with alantoina кәп Бол 
brought about considerahla relied and complete healing within 10 days. 

It із now nearly 4 years since allantoin waa firet ceed clinically in the 
United States. Im ihai lime mo report appears to have been mada af 
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апу, harmful әйтер balag found. A few published roports of rewulis 
аге beginning to appear in dhe medical literature (Greesbmm, 1936: 
Kaplan, 1937; Nicholl, 1987; Rice, 1088: Summan, 15371. 

The publicity that was given во frequently by tha press to dhe 
discovery of the healing properties of nllantein interested not only the 
medical profession and the laity in its uso but also a number of chemi- 
enl nnd pharmacwatioal conser in Ия рғмізеШоп. Within a few 
months allantain wis offered to the medical profession in erystallina 
form, in solution, in ointment, and in surgical jelly preparstions, and 
it la now being sold m tablet form with okra for the treaimentol 
atomach ulcer. n tho оршил and jelly preparations allanioin 
must be dissolved and comcenkrated in bot water and then insor- 
porsted with tha other materials whish maka ep the basa, Green 
baume (1936) describes the process im detail. Ап ointmeni ший 
merely by adding pulverized allanicin erystala to an dinimit bean 
already prepared was onse placed en tha market for a short time. 
Such mixtures ага ineffective, especially when a тену base ін used, 
becasso of tbe ansolubility of allantals except in hot water. Through 
the enterprise of pharmanastieal industries there ja mow no diffieuliy 
in obtaining ollantoin products in any part of tha United States, 
Creer 80 allantotn preparations have been advertised for ши са! um. 

The amount of allantoln being used madicinally in ita танаа prepa~ 
rations i» rather surprising. According to suibentlo sales reports, 
аои 300,000 proms of synthetle АПалісіп crystals are now being 
Produced anaually. This ameunt would make over 140,000 pinta of 
0.4 percent solution, the usa] concentration used clinically, of aver 
500,000 ounces ef percent ointment, ЛЬ remnins фо be seen «їнийг 
the popularity of allantoin will eontinue of whether it will auffer the 
Tate of many other new druge and eventzally fall into divas, Ab any 
rate, the pressni response to Ия diseowery ln miggol aperedions is in 
strong «ананы lı the reesption given ta ita previsa dissorery by 
Macalister in the roots пі comfrey, 

The effectiveness of allantein іп atimulnting healing, now being 
tatablished, led to the possibility that other sobstances with thera- 
peutàe properties might also be found im maggot excretions, The 
graüphie chemical kornvala for allantoin is: 

т-н Sie ub 
è | 
Wm. 


The side chain NH-OO-NHa upon hydrolysis Шиннэрїт the addition of 
Н frem water eesily forms urea, NH-CO-NH). Urea is present in 
пакт excretions amd wee therefore considered ss n possible healing 
жаһафагы, 
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According to Marshall and Davis (1014) алд Fearon (1028) ures № 
present in all organs and timo of the body. In the blood mnd 
lymph its conoeniration is usually between 002 and 0.09 percent. 
‘The common occurrence of urea in the Harara and the harcaleasnesa af 
it made it another interesting substance for experimental study. 
Through the interest and cooperation of a number of physicians and 
surgeons a weak solution (1 pereant) of urea im water was given 
preliminary clinical tests. This concentration was later changed to 
2 parent. The mme types of chronle discharging wounds were 
ire ва with allantaim. 

After a number of applientions it became apparent that, like allan- 
ӛсіп, urea possesmes tomerkable healing charactoristice. The odor of 
tho wounds was Пестекамі, they became cleaner, and healing pro- 
eooded promptly, In order that tha uran treatment might be given 
mom extensive texta, (he number of our medical eooperators wrs 
comalderably imereased. The treatment was applied by them te а 
great variety of chronic nonhoaling conditions, nne the Бапа 
resulte appeared to bn somewhat similar to thom obtained with 
явц. 

Beyond the fact that allantoin and uren Бате henling qualities 
apparenily similar in their action, i baa not been ahown that the effort 
of allantein із due іс the hydrolysis of На ado shain te form ион, 
That comteption merely imitlated an investigation on wma, Allantoin 
шау bring aboot its affects through a differant set of reaction. 

One of the reactions ol allantcin, however, in its hydration by an 
enzyme called allunteinnas, This enxyrme waa discovered and named 


by Кошо ада Наши (199) im the jy bean and lator foand in à variety - 


of plant and animal tienes, inckoding sema inseeta, — Allantoinase 
тасым open allantein by the addition of 1 molecule of water tà form 
nllanicin miid, as follows: 


ii-oncen-eo- mm миуа ни-ни 
ë i d : ұлыды boear 
H са A Lim шіл 


Strangely enough, wherensallantaln bas ono side chalky NH—CO—NH, 
аа ока dil has ко.  Allanboinase de nob known d її in 
кишш ЕП ялна. 

Тін пай болгар ий на bo ihò occurrence of uma іп Ehe animal 
body appears to be that it is a waste product only and nn efficient 
means of eliminating excess nitrogen. Owing to this deeply rented 
belief, it Бал boen, and still is, difficult. for intellectual nsd sebendific 
реальные {е grasp ibe feed that urea is not merely a wasis product. 
The ргацаийгү of Europa and similar classes throaghout tbe world 
have for ages availed theriselves of the bealing properties of urine, 
nnd are today shll using urine on wounds for that purpose. Froe- 


| 
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quently ін Шы folklore and золиг ыға in essays жені hiskorssnl writings 
references have been made t this practica Such statements have 
been traced through medimvnl times beck to the writings of (ain, 
176 E. C. Records have been found temding to shew thet even tha 
ancient Babploniana, abest £00 E, O., indulged in tha ялған тыға, 
Sines the maim байышын of urine, next to water, ін urea, in ibart 
2 percent conceniraiion, this ancient remedy for nozhesling wounds 
now appears to be baseallr sound. 

Ties method of applying the urea treatment in cur experimental 
work was on қалға dressings thoroughly wetted with 2 percent shs- 
tien, tha вата ая in tha allantein treatment, Ures Ea n stabla, bland, 
and nontoxic substance, and no report of any Ш effect from the trait- 
meng hns been recerred, TE is very soluble in weber and a comcenira- 
iion ns high sa 40 percent ік posible. Many kinds of bacteria contain 
an enzymes called (urease, which Їгбайхя domm urba and releases 
ammonia, For {hat reason sterile water should be used if the solution 
ва te ba kept for some time. 

А report published in the American Toenni oi ara ав шал 
(Robins, 1825), am the menarkabla healing progartiza of 
бшшш excretory substance ая urea again interested “эдэр the 

and journals in the United States, and once more ë con- 
siderable amount of publicity was giran to Шинэ experimenta Tho 
тояш was m wide trial of urea br «bs medical profession and, happily, 
with confirmation of our results. Ав article by Bognrt (1887) on 
Бля: ялихсанаа тай of rea has аны appeared in tha medical presa. 
На refers Lo the outstanding healing effects ha obtained when other 
пәнін had failed, and concludes ва follows: "It seems reasonable 
Бу amma thak a mam and veny politi Factor kı dba healing of indolent 
wounds hus heen added to the armamentarium of the &urgeon," Still 
mor recently Lewy (1937) Бал reported beneficial resulta with 2 
percent urea solution in the treaíenent ef infected conditions of the 
nose, ear, and chines. 

Nevertheless, a certain amount of skopticlsen paturally exists that 
urea has such healing properties as described. Holder and Ма-Кау 
(1857) япрууай that we arê mistaken іп attributimr healing charncter- 
istics to urea. They obtained good maalia with strong urea solutions 
bat believe iË to ba dus solely te the solvent and bacteriostatic action 
пі sirang ure. 

The tendenny to doubt that urea bia healing powers amd the oig 
lect ef this potent agent, despite the extensive background of usage 
ің urine, Белта still mom proneuneed when contrasted with the 
. general ирик a юм тир MM О саа 
and pharmacy, аз described by Berlinar (1998). This akepticiam алд 
neglect nre no боа due to the king association of urea with animal 
өжегейотя. Urea із, however, of commen occurrence in plants, somo 

хуми хн---31 
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of which are used as food. Fouregoy and Vanquelin (1788), who 
4Авханөгай urea, found it fired in ure and unfortunately called Н 
"urée," The stigmas alteched to urea could possibly be removed 
through а fuller keowledge of ite chemistry nnd its remarkable posl- 
tion in physiology and industry. | 

Urea wm the Gret organis канлагьса ever to he produced artificially. 
This historic achievement by Wobler (1828), over а century ago, жая 
à discowery of far-reaching imporiance. It opened the way to the 
preparation of oiher organis ага нлалана the umber ef whieh hus now 
rower $e anmwormüusextest. It also shattered the belief exmmonly 
held në thet time ibat organic substances аға the result of а mysteri- 
өші vial богов whieh во noi ba duplicated ік the ЇнБогйайгт, 
Wermer (1823) ваза that if the amount of study devoted to the chen 
etry of & subject із апу цн см ол of Ha importance, then urea must 
take a high place іп that regard, 

Under the present circummtances, since ures is now being used 
elinieally, i& night he well to remember that the urea of commerce 
ond pharmaey іі è шалш шт) produet made Бү combining 
two synthetic разна, amuncnin and carbon dioxide, to form urea, 
CO (NH, a pure emmetalline prodaet.— Chemically pure area made by 
this presia із now being produced commercially in the United States, 
and thousands of toms are used annwally, Ша cheapness i» greatly in 
Нв favor for extensive clinical use. Tt can be purchased аё this tima 
in. 1-xyand. bottles at 50 cents and in pound sontainers at 18 senda 
ж pound. In »Od-pound aeisture-proof sacks tho price із redaced to 
the extremely low брате of 5 canta û pound. In concentrations of 2 
іс 10 percent the cost of daily applications to gach patient is, tharm- 
fore, во alight ая із be almost negligible, Bogart (1027) baa used it 
in strong aclution, and even in crystalline form іп some very reslsiant 
cases, with good results. Ewen in these сойлол гавал tha osat of 
daily traslrnsgis is exceedingly alicht. 

Owing to the low price of commercial urea, it appears to be practi- 
cal te make up а dilute solution of it in а bathtub (Robinson, 1918) 
for triatment of cases of extensive secondary infections of the skin 
following an injury by paiasnens planta, insect аас, heat burns, ar 
Pinburn, Extensive applications of this sort have already bees mada 
оп а ата] scale with good results in the treañanënt of cortain gonoral- 
ined skin conditions, As them ін n wide range in the concentration of 
area that сап be used eectively, mo exact mmount appears to ba 
necessary when making up a solution in a tub, Two double Бали сн 
of the crystals have bees found to тайв a satisfactory concentration, 
It should be remembered thet when urea ік added to water the tam: - 
perntusa ін lowerod sxmewhni, 

, Urea in amounts up to 10 or 18 percent сап be incorporated with 
отыны or jelly bases with great esse. It іа merely added to the 


—— et. 
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baxe and thoroughly mixed. It gom a£ anna into sobotion in the 


water that i present. 
Tiespite the cheapness of urea and the вала with which [t cam ba 


шине into а pharmaceutical product, it ін still unpopalar. At the 
a lour ure preparations ате kuren to have been 


E^ Manion arid uren when undissolved ara white in color али 
erysialhne im form, Іп solution they are colores and odorloas, 
Allantoin, having no tasta, is especially acceptable for treatment im 
ihe mouth and is now being used extensively for that purpose. Бива» 
man (1987) has recently published в series of case histories on the 
ausceantul usa of allantoin En the treatment of resistant infections of 
Ше шиний, Weak ворота of ures, from 1 to 2 percent, have only 
a mildly unpleasant: taste, not enough to make them unsuitable for 
Фа ше, авд гай solutions ате giving mialoni resulta. Та айгаа 
dises where the taste is айн аг саа a favoring material ін added, 

Neither allontoin nor dilute urea bes any direct bactericidal prop- 
erty; уе! the bacterial count ually pasa down in a purulent wound 
when either of thesa materials is applied, They hare no protealytic 
or dissolving sclion, but necrotic material in discharging wounds 
begins to disappear and the wound beeonses cleaner under treatment. 
Buch а сін, therefore, cannot be attributed to any direct activity 
of these healing agents. It has been observed repeatedly, however, 
that thay do akimulate growth of granulation ыце having an abus- 
dant Mend supplir. The probability is, tberefore, that the cleansing of 
the wound ia produced indirectly through the stimulation of an under- 
lying growth of healthy granulation tissae. 

The fala of û пет drug is typically uncertain. Sometinoes iis 
пьнтія аго overemphasion and early reporta of good resulta cannot be 
doplicated. Not е expectations, ib frequently falla іні dis- 
repute. It was this that led a professor of pharmeokgy to ваг to 
hia slodents; “Gentlemen, make haste bo ааа & drug while il is new." 

The truth cannot be wvotded that nlluntoim once fell by the wayside. 
This wes net heenuse of disappeentment in results hut through neglect. 
With its merita still untested cxcept by Macalister ond his sasorintes, 
it bacaman forgollem. No шых appesra to have been made od ila ва Ву 
powers іп the World War which began 2 years later; and no mention 
"E bal patenting Жогар, og 
pathology. Strangely enough, the reappearunos of allanicin as в 
í ETE to Ия original dis. 

‚ This time, being accompanied by an unusual amount of 


- piii, iba oppostusdty to test lš thoroughly haa been possible. 


howerar la in a claas by iteli fer Їалүа-аган treatments, 
eilber civilian or military. Га cheapness, iba availability іп ton lote 
if desired, the caso with which it goes into solution, is harmless 
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етеп in along concentrations, amd Ия effeclirenems in stimulating 
healing make uras an шлинаЛу interesting thempestie ngent. Ona . 1 
might what На effect might have bera had it been used 
during the World War. T allantein sales do begin to diminish, one 
вай na look Tas for à ee —the qualities of ita ertraoridinare chemi- 
ea] associate, urea 
REFERENCES 
Бань W. R. 
1088, The use of а viable өкімін іп the treatment of бабы ЦЕ. 
Both. Мий. Feira, vol. 22, pp. 682-383, 
Breuer J. Г. T. 
ik ryeal таға. Тіз ъан] usa Chem. Irdina, voll BQ. рр. 237-548. 2 
Бемыкт, L. М. 
108. Urea. Іш we la defections, Жыға. Mich. Blabe Ма, Bow, wol. 76, 
ЕР. 253-287, 
Cita, Мінсе Praca : 
3134-2480 D С. De re rustica. (ЕБаұйаһ £ran&won by Hooper and Ash. 
Bervard Univ. Press, Cambridgr, 1984.) | 
Panes, W. Н. 
И Ты biossermigiry cf urea. ир, Rav. vel. б, pp. 359—038. 
Foam, E, ate! Нации À. 
1090. Тв тогтол ferment Compt. Band. Agad, бий. [Paris] val. 135, pp. 


Катасы and осы 
ITA 1" Шина калыша chimique gb medicals da Turies lume, репе 
rari нин falis шшр: wer айн ral» ШЇ gur un kBirablen 
spenbarém. Ann. Chim, vol 81, рр. 48-11. Г 
ama, F. IL. 
10M. وا حف‎ à сіл gramila tans ал гог Пе вага гъа. with pipik] | 
Thala ба: ala ін обала. form. Amer, Journ. Barg., val. 
34 [n. к}, рр. 256-363. 4 
Harsma Н. 0. aod МеНат, E. M. 
1T, The we of urea dn fhe ireabment of infected wounda. Journ. Amer. | 
Mad. Аавын... vel. 106, рр. 1167-1148. 
Катан, Т. | 


1937. Tha ална! imber of шинэ. Jour, Amer. Май. Авиа, val 


gel, wal, S6, 1865-1098, 
Масаыятта, C JT. 
1813, А вые р гаг. Шы «Ма! аррїїса ив ір the айлын of : 
adem, dri Med. Journ, voL 1, рр. 10-12, 
Маланг, E. К aed Гата, D. М. 
1814. Urea, На 4инїнийнн ін amd climiewiicn (rom the bedy. Journ. 
Ба. Chom, val. 18, pp. 53-80. | 


ШЕ, рр. B=. Е 
Ілет, Е.В Б 
1987. Іле ef ирей Ёл алала of Eka баг, жо, Алы] Dread, Arch, (olen 


— € 
Іт. Maggot Шығару and ААМЫн., Journ. Алиг, Üsicopalh. Amoc, 
ЗЭВ ка "ай меме | 


1838. Tabet uber and Чийг treatment іп podisiry, with speoini тейттетен 
| DR. 1-2, 81-24, 


ES 


: 2 ALLANTOIN АКТЬПЕКА--РАГНЕ ХН 441 
Ня үхэх, W. 

aS. Enlneilatios of healing in пиа вар wvyuzda Ey alzi searing (а. 
mapped зєєги ов mod of wide Holela] Фі лән, Joum, 
Ben and Joined 8 шү... үйі. 17, рр. 267-471. 

1923. Шаа of uns to айлаа healing ін chreale peruleri wounds. Ашиг. 
Tyin: Burg., "m 8.1, pp- 182-197, 

Бананы, TF, and Ханы, V. 

IER Тэ юм сё жан] тэмцэн ln Tim Ален of rismek mi 
other infected wousüa. Jura Bone and Joist Berg. тей. 15, pg. 
ат 

Новаман, 8. 
TBAT. Автын. Denial Mema of Гебаная, June | ШТ, 
Tran, T. А. 

цэнэ pron Hr rcd чер ap аваа оне 

Bicckemisry. 219 pp. lr 
TOELEE, F. 
1828. La formazlan аг йл на de Verde. Aan. Chim. of Fiya, тей 21, pp. 


THE AIMS OF THE PUBLIC HEALTH SERVICE ! 
Бү Tnowas Pinkie, М. D., Рила. D. 
Surgeon (inaaral Ри Jan Sene 17. 8. A. 





It is а sgnal honor for апу member of my profession to be honored 
by this venerable and vigorous institution of learning. I accept this 
degree with profound gratitude and appreciation, recognizing that it is 
less of в personal tribute thas it is а reognition of tke growing im- 
portance of the specialty which I represent. 

Like the Philadelphia College of Pharmacy whose one hundred and 
sixteenth ra rar б we are celebrating today, tho Public кай 
Service had Ив birth here im Philadelphia, It was in 1798 when Jehun 
Adams was President, that Congress рашын "am жей for the reliaf of 
mck ond disabled mamen," Under lia provisions a dedection of 20 
cente per month was made [nom the waged of each seaman on the 
merchant ahipa of the United States. The fonds wore deposited with 
the collector of customs in à marine bespital fund nnd used ta held and 
üperate в series of hospitals in the principal porta. 

This was the begineang of a Federal medical sirvia, and, inciden- 
tally, the fret bealth insurance ayatam, In the latter conneetion it is 
intercating to note that alter operating for nearly в huzdréd years ааа 
ennbnributary scheme, financed br employee contributions through а 
pay-roll сок, it was replaced by n tonnage tax on the shipa, viz, 

' employer payments, ши! later supported by general taxatbon, vis, 
| State medicina. Tho terme "health mitme" and “ыша redšelne"' 
| bad not yet been coined, In feet ther now connote sew алый radical 
departures in medical practice, yet since 1788 we have had one or the 
other form of socialized medicine for this one group of wage earners, 
| From this dissonnected system of marina hospitals, ú netional Marine 
| Hospital Service grew. ‘Tha doctors in thess hospitals frequently were 
| the first (о diagnose nnd treat exotic diseases, Because of this they 
| were eonsulted hy local health ахин һа when yollow (ever ar cholera 
| threatened, Tho carlier system of Sbabe-operabed quarantine siations 
lacked uzaformity, und by 1888, 14 became obvious that this should be п. 

* Federal fanetion. 
тд bim Gallerie) al Lai им рын Cope seb Fl awier ыз Belem, ШШШ], Ға, 
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Because publio health itself is а naw concept, it жан nob until 
1905 that the name “Public Health" was added to Ши 100-тғат- 
old series, Sines then progress has been rapid іп developing an ота 
ganization which in fact aa well as En nane is a Federal Public Health 
Eérviú6. 


Ст an occnsion such as this, one is tempted to review and appraise 
the significant events in the long вані distingmished history of the ог- 
panizetion which I kave the hog to direst. One could properly dwell 
with pride over the ploneer studies of Hansy R. Carter in yellow faver 
which paved the way for Walter Reed's discovery of mosquito trans- 
mision: or the epochal work of Joseph Goldberger in establishing the 
nutritional валар of pellagra: or the unique cantribulinn of Edward 
Francie [n tularomia (he is tha only American who haa discovered в 
disi, feand the canas, method af transmission, imedest тесер, and 
amimal host); or iba recent alem-pleric ай spray of (Charles Arm- 
strong, which prevents poliomyelitis in monkeys and «Тога so mush 
hope in man; or the courngrousnees of Spencer and his co-workers in 
thair successful zenreh for ã vuezina із prevent. Rocky Moai biin spot: 
ted fewer, They and others in the Public Health Servico have con- 
tribused much to selen е knowledge of discase prevention. 

Progresa За being mada in tha eentrol of thea venereal disnagam Ну 
one borne step after шїїн, we are extending our knowledge of 
mental illness, and of cancer. Banca 1830, wo hare been working out 
ike most zatislaebsry basis fer rooperntinm with Sintes in providing 
better health services for the people, As а result, prompt effort haa 
bees giran bo the healik providera of tha Socal Security Act ander 
which $8,000,000 із being granted io the States for pablia health work. 
The mobilization of foroa io combat the threat of epidemica in the 
wake of recent floods gives another illustration of the тисоваа of mod- 
ӛте publie health effort. 

Appruprin£a am it might be to dwell upoan eny one of these evanta 
іп the history of the Public Health Service, the title of my paper and 
my own inclinations impel ma ta eotuider what іл ahead: ta disni 
tha aims in view and the methods by which these aima may become 
getualiibes. 

I shall panam only ta тене briefly the sešentifió, егіні, and eco 
nomie bases upon which our health activities rest, for ns stated in the 
preface of the centeznin] volume of this college, “The history of yes- 
tardar foreshadews the experienen of today and ogznúrromr." 

During tha past century the етігі of inquiry in medicine haa 
replaced dogma sad tradition. The atudim of Pasteur, Lister, and 
tha beet of other achentista Bawa transformed medicine no lem ihan" 
has the power of steam transformed industry, А римтайоп ago à 
doctor with his saddlebags could encompass meet of the then available 
médical knowledge. Май зар ma, when tt is a life's work o master 
jest саа specialty, 
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This growth of scientife knowledge has multiplied the number of 
things which can be done to prevent and eure disease. It alma hna 
increase] thé cost of medical service, putting such service beyond the 
reach of nn increasing ханна of people, Moreover, our transfer from 
ип. кетігіне to nm industrial гуайн, with workers dependant рой. à 
daily wage sufficient only to шөбі current necessary living costa, bas 
resulted іп the imabshky of many citizens фр buy medical care when 
thé wages atop. 

Changing social concepts also supply an additional basis for public 
bealth work. The growth in Ше sentiment араа! sullorizg haa been 
mom rapid during the pmt ант than ever before in the world’s 
hair. The abolition of slave trode, ibe growth of popelar edoen- 
tion, and the development of measures of public assistanen ara 
examples. 

Modem society everywhere accepta as an obligation the provision 
of the necessities of Шо for those whe cannot provide such шосбн єв 
for themselves. Sines зав са! anrvien is a necessity of life, 16 ін only в 
amall абар bo accoptanos ef the principle Ші much service mani be 
mds available by the community for those in need. 

There nro cogent economio reasons also Tor health servisea. А dek 
individus] may become n burden upon society, Gord health is ат 
important factor im human сіст, “The treatment of disease із 
то longer û concern solely of the individual who із кісе, The com- 
munity ай й whale Іше ù finas] stake im unirented ness Thi 
point has become clear in recent year ая we have gccepted ал a nation 
responsibility for providing pensloma to the dependent groups of Шш 
popelatiss, 

Ther are нні acento, socal, and бо ин б mains [от morë 
aggressivo atiention to the public health, I think we lave reached a 
étage in our civilization when we meist nocent aa à major premise that 
citizens should have am equal opportunity for health ая an inherent 
right cooqual with the right to Hberty and the pursuit of happinesa, 
To realiza this ideal la & bread alm of tha Peblic Health Samina. Tha 
methods we use fall into two major divisions, first, the better applica- 
tiom of scientific knowledge for tho prevention and cure of dissass, 
and second, the acquisition of new lkmowledge. 

Within the past Z years, a good start has been made in the des 
тораш of а national health program. In the ос! Security Act 
for the fired time, the Federal Government declared а continuing policy 
ef nesisting States and localities in providing better health service, 
It has been relatively easy to insugurate this work because since 1580, 
Ша Рае Health Services has been authorised to cooperate with 
States in the prevention алый control of discas. It has been possible 
io work. out healib programm in every State so that the States retain 
а full measure of responsibility for ibeiz own health programa вы рс 
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only to meeting minimum st&ndards which have нын agreed upon 
jointly by the State health officers amd the Public Health Service, 
Tha $13,200,000 being granted by the Fobie Health Service and the 
Children's Bureaus ін producing significant resulta in better health for 
the people. This appropriation, however, representa only about 10 
percent of the total cost of publie health work, The recent national 
eomforence nn venereal discas entre] called attention ba the тымый af 
greater Federal interest іп the conbrol of thes and other diseases, 
At (ua ennlerence, SL was oarnestly recommended to the simini- 
eration that authorization for $25,000,000 be given in approprinte 
amendments to the Social Security Act, to be administered by the 
Public Health Service. It was also the opinion of this conference 
that the percentage of Federal money invested іп the prevention af 
disease should mot be less than the percentage invested in the ғаға of 
арно епа, 

We mes narrow the gap bebwein what we know and whak wo do 
im public health. There ore mijar ғашым of (бағаға amd death in 
regard to which present community action [s totally inadequate. 

The бові] of ауры is а notable exemple, With ihe recent 
great increase im public intereat іп this subject, it should be possibla 
to make this a rure disease within our generation. Medical and public 
health oíficiala ага agreed ая іс the methods. The recent ecníaren 
drew a series of blue printa whieh every State und every exeranity 
саш follow, 

Cancer stands second among tha canssa of death, The couse of 
cancer is not yet Кт, but many sama of cancer ean be cured Бу 
many known methods, Experts in this Seld estimate that 25 percent 
УГ cancer deaths could be prevented if all of our knowledge of cancer 
rre el. Two States have nooepted some measure of тарап 
sibility for the treatment шэй cura of cancer through providing publi 
facilities for Ubess EG reel of cure. шы potik 

Pnesmania ranks high among the mua of death, but récent aci- 

епіШе advances point (be way to preventing many such deaths, For 
жатга] of the most frequent types of pneumonia, ав improved concen- 
trated вепат. his been developed which ін quite effective. Moreover, 
à rapid method of typing the disease makes it posible for those case 
to be located promptly which аға amenable to serum therapy. 
. The control of tubereulosis ie a job half doma. ‘This disse has 
von be piod чангарна а атча Й We Мата now 
resehead à poist where wa can look forward to tical eradication 
of ішінгенігшін, 3585 | 

The medical care now being furnished to the dependent groups of + 
the population is poorly orgunized and inadequate, There must he 
peneral acceptance of thm principle that the medical care of mach 
dependents is а public responsibility. 
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| * Facilities for dimgnosis and treatment of diseases frequently gra 
lacking particelarly in the rural aras We need а great extension of 
i laboratory service, the provision of bospitala particularly im rural arena, 
better перилачыі dispensarr services, ànd п better integration of privata 
amd рае effort іп the prevention amd treatment of disman Ая а 
ration, we should seek nob only із maiks тєнаЇйсА1 cars rore availahla 
to those in need of mich саға, but eoemstantiy to sek the improvement. 
л the quality of пан са service. 

The Publis Health Servico itself will play a relatively small part 
и rumori queden einen Tt should be in n position, 
hewerer, 4o promote, assist, and advise in the working out of State and 
local health programe, T ааа Lesen indorsed In. the alee of the organies- 
tien I represent than in the braina it representa, For many yeara, wa 
have тїтєп an opportunity бога canter service. We нілі bo агыс ihe 
beet of ihe medical graduntom, to give them every opportunity for 
profesional advancement, t3 train specialists іп all phases of our work. 
I dream of a day when the Public Health Service will have à carpa of 
sur кажан ашыу кон ел er neq 
médical er health nrgurisation in tha warki 

I have referred briefly t some of the mapari work of the Public 
Health Service, Plans ага hing drawn for a naw Madional Institute 
of НаанЬ to һә located із the environa of Washington, the headquar- 
tere for АЙ of tha research work of the Public Health Service. This 
should) be more than aresearch institution, It ahowld ba also the head- 

for the training ûl our personnel It should bê tha Wist 
Point of the Fable Health Army. | 

The major unsolved problems of bealth and disease should be a 
concern ûl this тай ив, Selestifie workers from other Їйл 
will be free to bring their problems bere али! pursue their studies within 
its walla, Ober scientists should ро cut from Шин Шайт to other 
institutions of the country. Бин а constant interchango should pre- 

| пима pnr. Мапу reearch problems of today are so complex 

that it is imposible for an individual worker and frequently it is 

impossible for amy one orgasizalion to deal adequaatelr with them. 
Tha Federal Government ia ін a position to band ita inflmence in 


lem код prometing joint amd eoerdinated attack. Already wa сап 

point te progress іп this field of cooperative research. For 8 years, 

five of the leading syphilelogiste of the country kaya worked with tho 

Public Health Services із pooling their кон ра, their material, авд 

| thelr resources for study of вура, Valunble additions to our knowl- 
| . edge have come ns в remalt of ibese cooperative clinical studies. 

Tho problem of drug addiction bas been the раі of joint interest 

by the Public Health Service ond the National Heeearch Council. 


a 
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One of sis thes: шім диндор а купы drog which will hava all of 
the virbors of morphine without its habit-forming qualities. А cheinist 
at the Uaivaraity of Virginia bas aysthatizel a nar bar of compounds 
These are being tested on animals at the University of Michigan and 
those which passed animal teats are being tried on patienta in Мана 
chusetts, Similar cooperative stedies are шиг way Іш cassar, This 
principle ғап be аррЧий to many prohlama, [t ia тау bope that our 
Ширээ: a NE eum. v пы PER, In mdditiomn, 
which hiwa proren profitable in recent тей. 
RUMMABRY 

The nima of the Publio Health Service аге байт suzumarired. 
We seek to narrow tha gap bobween what wo know and what we do, 
алый to extend the boundariea of knowledge of bealth amd disease. We 
ошто will play a susall part compared with the total job to be done, 
We seek for auzsslves nod mima bud elficieney, поё legal authority but 
the confidence of vr colleagues and of tha publie we serve, Wa Бора 
that our aime of today will be "tha experience of tomorrow.” 
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EXCAVATIONS AT CHANHU-DARO ВУ THE AMERICAN 
SCHOOL OF INDIC AND IRANIAN STUDIES AND THE 
MUSEUM OF FINE ARTS, BOSTON: SEASON 1825-56 ! 


Ey Enxzar Масклт 
Fiala Eirscisr 


[With 19 plates] 


The Mustuzn of Fine Arts, Boston, now possesses а remarkable код 
widely represeniadire соПос ана. al objecta from the &ncient Indus 
Valley, the only such eollection ogtalde India. Not only ia the culture 
of Нагарра ond Mohenjo-daro well represented at Chanhe-dare in 
the Nawabshah Distried of Sind (fig. 1), iha site at which thia collection 
тім anesrthed, hut tharm were also found the ses]-amulets arid pottery 
of в people who occupied the site fairly soon after it had boen deserted 
by ihe Harappe people, objecta which it will be seen. difer тыйер 
from those left by their predecessors. 

The mounds of Cbanhu-«daro were selected for the preliminary inves- 
tigations of the first American archnologieal expedition to India an 
Adamant of important finds made there during & murray of the ancient 
sites of Sind by the Archeological Department of the Oovorgmont of 
Indin in the winter sensem 1090-30. Mr, М. Û. Majumdar, whe deg 
three trial trenches thapa, шаал that Chnehu-daro had been oenugésd 
by the same race thas built the cities of Mohenjo-daro and Harappa 
some 5,000 years ngo, He also found soma alight evidence of the 
presemce of а Inter civilization which can now ba named the “Jhekar 
ешмге", in asecordanoe with the — рси ш Бато and 
Mosapotamin of naming а culture after mika where braces of ib were 
Érabfoumd. The so-talled Indus Valley civilization should be renamed 
the “Harappa еліге”, for further excavations in the great river valley 
will usdowbtedly reveal the remains of yet other ancient cultures. 

Chanhu-daro ia some 12 miles seat of tha present bed of the Indus, 
absunt #0 miles SSE. of Mobenjo-daro. Ita three mounds comprise 
an ага of 9 nores, bus the little clty was conmderabty more extensive 
in ancient times and te асгана depesibed in the cauras of 5,000 тага 
of more now overs the lower paris of the mounds. Mound I ia 22,2 
7. Ragetatad by parmimk fromm ба Ваа Ца of Use Манат of Pisa АНЬ, vel. M, Бо. іі, Timian, Скінімг 
pue 
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бын high, and some 1,500 square feat іп алав, and tha rather larger 
Mound П, 23.5 fest high and about 3,850 вапаға feet in extent, ін 
separaied [rem it te ihe NE. by n gap some 150 feet wide, (pl. 1) Dur- 
ing the period ef the Harappa culture, Mownds I and LI were one, 
through which a devastating Hood ultimately cut Ita way, bringing to ú 
close the longest and most iznportant chapter of the history of the little 
ely. Mound Ї wis resecapied later for two brief perisda, ав we ahall 
Бағыт eee, “Tha third mound (IIT), which standa a fir feet high und 
i only soma 500 square fent in extent, lies close to the NW. of Mound 





Tururi1—Maágp Вы Банны Yabar, 

П, of which it is certain that it ones formed a part; the minstorms 
which have separated this little mound from its neighbor hare laft 
Чийг marks as deep furrows and ravines which scar tho sides of all 
three mounds. 

As Mound П waa the largest and highest mound and thorefore likely 
to contain tha masi interesting material, it was selected for our 
principal excavations, Ite upper portion was gystersatically removed, 
layer by layer, the debris being dumped on grougd that had already 
beca ахина by means of trenching, On the aGznmit of the mound 
were one or two proves of sarip Muhammedan date. Below езе 
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“very late remains, в few pieces wore found, mostly intact, of a very 


interesting dark gray, polished, kand-made ware with incised 
decoration (pl. 2, ñz. 1), The exact date of this ware is aù present в. 
matter of wurmisa, but in shape and technique it is entizely diferent 
fram яв Р produced by tha two eultirea whose raa we found 
beneath it. Imm imelined to think that this gray, hand-made pottery 
was made by a primitive people who were the last to occupy the site— 
and thet only very briefly and in small eiumbera—and who mur have 
been à race allied to the Phils, of whom there Їз a settlement chose to 
Chanku-daro; these Bhil, however, hare lost moet of thoir ancient 
customs and primitive war of living. ` 
In the stratam below this gray ware we Game upon a lane quantity 
od wheel-made pottery, quite unlike the wares found cither above or 
below if. This pottery which wie mostly polrchroma, with divisa 
painted in black snd red on a crenm от pink slip, is represented mainly 
by broken fragments of the pans and stone of olfering-stands, though, 
pieces of other types ol vessels also wore found (pl. 2, fig. 2. Theogh 
а ео ee tee a а дасте 
ware of the upper levela of Chanhe-dars in пожізе 
и. Їйл presence іп consider- 
able quantities (herefore emphatically marks the occupation of the 
site by a different people, At каг also, where Мг. Mazurmsdar 
frat unearthed pottery of this kind, it waa in à stratum that slowed 
it to ba of later date thas the Нагарра culture. А principal fenture 
of this /ьшгал ware is that broad horizontal bands of red separate the 
тағылық davies that өтпішпепі it Bled waa abó weed ін combination 


pottery ага dither gpecenatrie or тағу conventionalized, boldly painted 
plant designs of lenvea or buda joined together with curved atoms. 
Ав à rule these plant designs were painted in black, or a deep purpla, 
Ша red being used for the broad bands separating the гарлага, bat 
оссаннтайг tha interiors of the buds of lenves, if not Бадене (pl. 2, 
Bg. 2), wore colored red. 

The only other known wares that the Даг pottery гавда 
nnd өпіг in the designa ard use of cora, not in shkape—are those 
found by Baran Max теш Oppenheim а) Tell Halaf in zorthem 

І. Malbwrán at Tall Chapar Ensar? At 
sites broad horimontsl red bands were used to sepurwe tho 
ihe 


"TM b нийн көлі нэ Баға мш ven Орр, Tell Байн. 
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Mallowan haa postulated “a link which will bridge the guli between 
the end of the Tell Halal period and the pottery of India and Baluchi- 
sian," amd he шытын that the early potters of Assyrim and Syrin 
moved eastward. There seems no doubt that tbe pottery of tha 
Jhukar culture had been infloenced by the later wares of the Tell 
Halaf culiure, end we must look to the Iranian Highlands for tha 
regia whence it was broopht to India. ‘The fect thot the Tell Halal 
pottery is considerably easter im date than ibe Jhukar ware is no 
mailer for concern: somes tims hed necseamdy to napas before an 
influence from. Syria could have had effect im northwest India, and 

many lang БАЙЯ were dewbiless made before the end of the journey. 
The people who introduced the Jhukar culture inte the Indus valley 
appear to have left but few traces ін Baluchistan; but a great deal of 
eyetematio cocevation needs Lo be done in that country, for one 
пода ahard with red and black сһеттепа found hy Sir Aurel Stein 
ài Татах might түшү well have come from the Haber region or 
from India. The presence on some of the pottery of ancient Balochi- 
stan of wide red fines between the registers is à feature shared both 
with the north Mesppotamian pottery of Tell Halaf ond the Jhukar 
ward of the Indus valley. 

There is в considerable body of окове that the people of this 
Thak culture oeeupied the principal mownd at Chanhu-daro sopen 
paratively soon after iis desertion Ey the pesple of tho Harappa 
culver, and I weald dete thia occupation to about 5600 D. C. Ti 
тый only a ental] settlement and, jedging from tha number ef reagh 
pavements and fireplaces found, tho people lived іп howses of matting, 
all other traces of which had disappeared. Tha head-man had а 
plain, roughly built house of bricks, taken either from the lower port 
od the second or from other buildings of the Нагарра culture іп the 
тиу, Ове very interesting featare іп а room of his house wis a 
Braplacs in à талаа in the wall with three bricks still іт it which 
ике икрар иса era те 3, fig. 1). 

Not only дык ther pottery, ef which à sarpstanur amend was 
mada ања used, distinguish thes people from thelr predeeessors of 
Ше Harappa culture, bot they wore sealamsuleta, mostly pottery, 
which im their shapes and ornamentation are totally unlike the square 
und reciazgrular seal-umuleis ef the Нагарра culture. Eomae are round 
stamp stale with roughlr shaped perforated handles at the back, 
end others lenteld with deslgna on both feces and perforated laterally 
(pl. 2, fig. 4). Thess Jhukar ат аға with one or two exceptions 
weer ТШДШ made, and none bears апу inecreplion; im fact, we ага 
нь yet uncertain whether their owners knew how to write. Маву of ` 
thém тала blê белініп atal-amuleta of early Elamite date, and ena 
exocepüionally well made lentoid amulet with ал endless rope pattern 
en one slde recalls both is shape шы the Шақа certain Hittito scala; 
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ыы hes we сое ег the marked affinities of 


the pottery with the lata ware of Tell Hala. 

А number af bana vwb polished by mich uae иран that the 
Jluskar people made baskets, and judging from the number of bobbin= 
ee er erre derer Her gira m 

textiles. The guzîn of the Harappa levels tell ca thet the bead- 
dresses of that period were very elaborate, and this appears io have 
bun the com in the Лас perked sles; а тиу бы Мады of 
painted potters was undoubtedly intended to protest the headdress 
of ita owner from damage during sleep. 

Close beneath the Jbukar str&tum we came upon buildings of the 
Нагарра culture at a laval approximaabely 13 мб below the summit 
of tae mand- Here wen Found tbe remains of bum Бек houses 
with the baíhrecmas, draia, nnd other contenensa pow well known. 
at Mobenjo-dare amd Horsppa. Неге, too, were found the copper and 
bronze implementa and tools that new form an important part of tha 
collection in Зэв Museum. Two hoards of thean implements wiru so 
бегий together that ib waa nod шыш] the amd of the жазса whee 
they could bs chemically cleaned and separated that we became 
aware of whet we had found (pl. 3,fig. 2). Blade кте (pl. 4, fig. 1), 
rhisels, spear heads, нь! сорри: uad bronze vessels of varions shapes, 
all ро io врет Uhet Chenbu-dero vus a great center ef пама! working; 
but whether bronze or copper was the metal more commonly worked 
ғап only Ба ascertained by amalyam of the mater] obiainsd! Chn- 
дагаа akil in dhe working and casting ef bronze ja shown in tha 
«аашийг jur (pl. d, fig. 8), end especially im the ioy сагі with а реп 
roof, Tho latter shows us a type of vehicle that was іп common 
usa gE the Lime, for m very similar little mode] has been Телі of 
Harappa, will over 400 mika away to the NE" 

leperiant evidecee of metallurgical practice was the number of 
ат] massa of land that waro found, evidently tha remaina of pama 
considerible working іп this metal These fragmenta of bead are 
now being examined for their silver content, but it may be that any 
silver that existed was extracted before the lead reached Chanhu-daro, 

Но акаа romains of either the Jhukar people or Harappa people 
were found, save a skull that had been placed in а largo storage jar 
together with a ктай со Їее он of motal objectis алд a large conch 
Ehe]. Some енге must bare been exercised] in inserting this &kull in 
the jar, whose opening was barely wide enough to receive it; and why 
the арай only was thus carefully preserved and nat the other bones ia. 
a matter for speculation. 

Deed making was practiced even more extensively at Chanhu-daro 
then metal working. Tha long sgala and carnelins beads of barrel- 
cylinder shupo, of which во таву fine specimens were found at Mios 
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hemjo-dare, wore quilè possibly made at Chanhu«laro, for large 
numbers of them were unearibed in all the various stages of making. 
The long rectangular slips of stone struck from the parent madula 
were first flaked тоору into shape, then, alter careful chipping ta 
remove the angles, ibey were ground into ibe required cylindrical 
form by rabbiag on a piece of sandstone, which became deeply grooved 
иь The beada were bored from both ends with a stono 
drill, amd they finally received a polish that shows the craftamen of 
Chazhu-daro to have had long experienea іа the art of working hard 
stone. Tha stone drills that were used, of which a number were 
found, both whole azd broken, are в new discovery, it hes hitherto 
been supposed that in ancient times stone bonds were bored by means 
ol в copper drill with the sid of an abrasive. Thèse etena drills, of 
ehort, must iemaelves have taken comsiderable time amd labor to 
shape, amd вв their hnrdress is about the same ns that of the stones 
usd Lor bead making am abrasive must have been used with them; 
bat whether the later was omery or some other material we have yet 
io discywer. 

Road wees also made of altar тиетінін such ks pteatite; a number 
af tubular ahapa, stuck together by the salip soil агы! evidently once 
contained ін a fine baaket whach bad peetahed, would, if placed together 
end іо ond, run 35 № 40 to the inch. How they wore ahapal and, 
even more, how they were bored із af present quite incomprohonsble, 

Save in their extraordisarily skillful bead-making and ај im the 
ела еее of weights—a ган алт industry—the people of Chanhu- 
dare mada little use of stone for other purposes. Coppor was еті» 
dently вэ plentiful that stone implements had already been practically 
фага. Ribbon-Hakea struck Îrem n core of бонгой chert were, 
howerer, doubtless weed as kitehen knives: they wore found in many 
of the bousea, together with the cores from which they were struck, 
and if is evident that the heosewife provided herself with simple 
kiii һе costly ав sha discarded them when blunt. 

Stone wns occasionally used for mace-beads, both of globular and 
leatold shape, for drill-caps, and even for dishes; the latter, however, - 
wars both few im number and very clumsily mande. They шого, 
morer, sometimes made of a soft form of alabaster, а nione whack 
йога sot withstand corrosion by salt. А large number of rectangular 
вова palatina with коо level surfaces were found, but tbe great 
majority were broken. Thoy were probably used for preparing 
pamelia and may have been placed on the small, mvuphly mada 
pottery toilet tebla with four short legs, which also were rarely 
found intact. = 

A remarkoble number af loya were found at Chanhu-daro, far too 
many, it would appear, to have exped tha wasta of the child papula- 
tiom there; it із possible that &oy-makimg als was n local industry. 

= Toy vehicle of various shapes made of pottery, mounted an two or 
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four wheels and drawn by a pair of bumped oren аа in modorn Sind, 
forth am intersting feature of the collection im the Museum (pl. 8). 
Pottery model rana, with the flasen indisatad by linea of red paint 
ERREUR ааа ый gr 
siring, were common р nga. co of pottery and істе, 
whistles ovedd or shaped ke hena (pl. 4, fig. 2), and brightly colored 
rabies for the younger children were abundant. The bedier made 
playthings in the Misseim collection are undoubtedly the work of pro- 
feessonel toy makers; bat the ehildran nlso mada tara for thamseleea 
in mud, and baked then in holes іп the ground covered with fual. 

A number of pottery figurines were loend of the Mother-goddes, 
who waa ales worshipped at other centers of tha Harappa culture, 
Some of thean figurines wear ú curious fan-shaped headdress orn&- 
Tueniel with bands ef material, unless it is strands ef hair (hat йге 
repeated, exrriad aver а каррог of some kind. The nose was 
simply pinched up by finger and thumb, and in the depressices thus 
formed pellets of clay were set фо represent the eyes, Possibly there 
was one of these little figures in every house in а niche in the wall; 
and with them there seam to Пато bosn associated the little medal 
doves with cutetretched wings, each with a hole in the Баяр to aed it 
em а wooden pin. Ая we know that the dove was intimately connected 
with the worship of the Mothergoddess in ancient Crete, Sandinia, 
Mesopotamia, нені вет его, it seems likely that it was in tha Indus 
valley ales. Theat bird Égurea ware most probably votive offerings, 
placed in or upon the sbring of the Great Mother in ful&llment of a. 
wow or in the hope of favors to come. 

The atala—er rather ssal-umsleia, for they undoubtedly загтай 
both purposes were all made of mteatite. In shapa, material, nd 
ihe animals engraved upon them, they are identical with those found 
at Mohenjo-daro and Нағарра, amd mamy of them were similarly 
given а srnooth white wmurfaes to enhances thelr appearance. The 
animal most often represented om аво seal-amuleta is an oxlike beast. 
alwaya in probla with a aingle hora (pl. б, fig. 1}. ‘This creature haa 
been identifed with the иғия-ох, û beast which is extinet im mast 
parta of the world, Before it thara in always placed a curious upright 
object, which on the better carved асај is asan to have been made of 
wickerwork (pl. б, fig. 2). What this object really wea ін ая yet 
umcertaim, 14 haa been identified as a fodder-rack, в cage for а bird, 
and an altar. That it was а си сн із, however, certain, for at 
Мойоп-днго and Harappa amulets have been found on whieh thia 
object is carried on a stalT in what waa obviously a religious procession, 


* This axlike animal with its cult objest із euch the төсей commen 


device on Ehe seals of the Harappa eultura, hut thers kra other animals 
also on the seals. The collection in the Museum inclodes an elephant, 
аһ antelope (T) (pl. 8, fig. 2), amd а ehorthormed Бий, which animal 
was nlwaya represented with its bead lowered over û manger. d 
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pietegrapbie script bove the animals has still to be deciphered, and of 


this there seems little prospect until a bilingual inscription has been 
found, We have great hopes that such an inscription may be found 
at Chanhn-daro, or, it may be, in Mesopotamia, for we hove undoubted 
pîtol that the people of Нагарра culture traded with Mesopotamia: 
objects obviously made in thal country have been unearthed at 
Нағарра and Mnhenjo«daro and à considerable number of seals like 
{оаа in our collection, and obviously of Indian workmanship, kawa 
been found іп the Sumerian cities, 

Thess scal-amelete were Healy carried on the parson ns amulets, 
but that they were also used ва seals la shown by в веаЇ-ішаргеаяіо, 
which haa aa the bock the marks of attachment to something, probably 
а bale of goods. Another aealimpzessinn, which had been carried 
about в long time and so had been badly rebbed, shows two women 

iz m staff between them from whose top projoet the branches 
of а pipal tres. This tran is still cred іп many parte of India. 

The pottery of the Harappa culture ls easily distinguishable from 
the wares of tie Лаг culture found abore it. The designs palmtad 
š densa back оп à highly burnished red кір distinguished it from. 
any ether pottery found іп ancient Indim (pl. 6, fg, 4). A very 
common ші із based on в serie ol intersesting бігова, on somo of 
ike aherda hardly recognizable, but on otbers зо Énely painted ая to 
be almost mathematical (pl. 7, Eg. 1). ‘This motif was used on both 
large and small jars and is peculiar to the Нагарра culture. 

hander motif often wed at Chashu-daro, but rarely at Mahenjo- 
дата, in в cone of peacocks сл fil, drawn іп a very sketchy way but 
meverüelem quite recognizable, “This design was тегу generally 
used en tha large jars, probably шымі for storing water, fragments 
af ehish were found all отаг Mound IL Thoo jars wem carried 
in торе alloga suspended from the shoulders of the water carrier, and 


Other small jara with extraordinarily narrow mouths once contained 
an әта paint, whieh со wea apparently used by men and 
women alike. Of particular importance is the bronze ocxmelic jar 
with fated aides, which is a notable feature of the Museum collection 
(pl. 3, &g. 3). Неги might be mentioned n rectangular slip of red 
ochre with в beveled end, whose shape makes H more then likely 
that la was used as в farm paint, 8 not кешір às lipatisle. 

The amall cones of pottery or shall which ware found in the Harappa 
levels at Chanhu-daro аге somewhat of am sigmo- Very similar 


ы соме serred an architectural purpose вй Warka, Ur, and other early 
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Әишегіні sites, bud Шыш най numbers have been found ю the 
Indinn site to warrant the sasumption that they wore put to à Eke 
цав, They may have been cult objects, or oven skittlos to ba knocked 
over with marbles; 1 am inclined to regard them ва the former, for 
they арроал аар the motifs on some of the painted pottery, 

A large somber of chart walgita, carefully made and polished, 
form part of the Museum collection. They are nearly nhways cuhi- 
np apt rg кн аа бшкке with the simple ratios 1, 
2, 4, B, eto. In тәгі they тату гепагкп bly НИ from thosa found 
n , and шаг welghta from Нағарра, gore than 400 
NE. of Chanhu-larn, have the same actual weights accarding 

to their respective size, proof that the authorities of thom days 
єлїгс ин pinis supervion over this тегу necessary adjunct of гай 
Indeed, i$ із probable that some of the more carefully £nished weights 
exhibited im the Museum wore mester weighta by whieh mhora could 
be tested nnd rectified. 

In tha uppermaósk ше] of the Нағарра culture Chers werg bot few 
intact buildings, though гө са of houses and am oxtenalve dralbage 
system were [eund im this алгадаа all ever Mond Ш. The cupa- 
ton level below was іп а beider sialo of preservation, and sirepis 
аш Lanes, бай! with ite borsa and ги, were more or hes intact 
and could be satisfactorily planned. Remains of a still earlier {ке 

| жанра. were revealed in the upper part of a larga cutting that was 
mada in the western side of the mound to test the etrata below (pl. 7, 
fg. 2), and et | lower lavela wore found treces of other occupatioas 
until the subsoil water prohibited any further digging. Оше very 
eiriking feature ef Шин occupation levels in Monnd ТЇ was that càth 
was separated from those below and above by а considerablo lapse of 
time, At Mobenjo-daro cae occupation followed са amothar in awift 
succession, the later builders simply using the walla of their predi- 
Cemors ús foondetiona, thus preserving the а ав | ú the streets 
and houses over в very long period. At Chanhuedaro quite a consid- 
erabla йкгнушаї of Дата separated tha two uppermost Harappa oóeu- 
| pationa, and the buildings Im tho stratugn next below these two ween 





i" 


ortentabed quibe differently from those above ева, — Indeed, we found 
ple evidence that it was destructive Hooda that cansed the eity ta 
be deserted for considerable periods of time, during which large іла» 
tities of bricks were removed to build elamwhbere. Tho walls of the 
three upper oecupatinna ef the Harappa cultura had im some 66858 
been so undermined by food water, amd tilted by the consequent 
subsidence, that we bed to remove ibe gpper parts lo нүү | mak of 
* their falling on our workers. Even the brick flooring of rooma hed 
subsided here ond thara. Wo nt first thought thet ibis irregulaniy 
of the walls was due to earthquake; but, had that been so, tho moma 
would hase contained fallen bricka, Ай lanit thres Seca, tha third 
of which was perhaps the great Hood that led to the desertion of т 
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Mahanjo-daro, have left their truces at Chanlu-daro. Lixilg om the 
banks ef a great river running through an alluvial plain киізі Кате 
proved «ves mote dinsoneerting in ancient times than it does today 
in many parta of the world. 

The bricks weed at Chanhu-daro were very much the same mim ва 
thosn of the other Indus cities; thay average 11 by 5 by 2% inches. 
Made of well-Bred lay, they are well-shaped but bave no fogging of 
any kind. The mud mortar used amply &erved ita purpose. They 
were 1814 to dry ав they were shaped in open molds, amd occasionally 
ana is found with the impress of am animal's foot. For apectal par- 
quens, marh sa Lining wells, wedge-shaped bricks ware made, and angla- 
bucks amd Һај іза briska have been found. Bricks were also cui 
into. various forma after being laid, as in the recessus of water-chutes; 
and thos forming the corners ах the junetions of drainage channels 
were often carefully rounded off with a chisel во ай to impede the 
flow of water ва little ая possible (pl. 8). Most of the drains were 
made of ordinary bricks, and they were laid саду à few inches below the 
surface of the ground 86 thet thay might be got at өвийн for cleaning. 


ta үр 
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Chring ta the demolition of many of the howses for the sake of their 


bricks, whenever the site wma deserted, few of the bathrooms were 
tid intact. ‘Thess few were impia platforms, of carefully laid bricks 
edged АЙ round to в height of some 2 inches with bricks laid on edge; 
the water Bowed away through an opening that sometimes communi- 
cated with a luizine situated between thé bath and tha street. wall, 
and thence throngh am aperture із which the effluenta passed to the 
street drain outside (pl. D), ‘There ЇР no 40458 that the sanitary 
кува of the ancient Indus cities surpamsad amy other of tontem- 
porary date, and it is quite safe to say ihat it wee superior bo that in 
many modarn orinntal cities, which civilization seems barely to trach. 

After the рыбы leveling of Mound П, в trial excavation waa 
éommésesd am tha summit of Mound I (pl. 10). Here several build- 
ings were laid bare, also of Ши Harappa culture, hut dighely later in 
date than those in Mound II, Mü secca that Mound Í waa occupied 
hy the people of that eulture later then was Mound H. Here, bon; 
а few sherds of the Jhukar culture were found іп the appermeal part 
of the mound, bud вэ few thet it atema that tha Jhuker people only 
Felted and newer actually lived on the mound, Mound I offers 
scope Гот considerable and profitable investigation, asd there із reason 
to think that it will prove етеп more productive of musaum objects 
than tha fortunata finds in Mound II which bevo во greatly widened 
the horizon of our knowledge. The discoveries of a now phase of 
Indian history with far-Humg cultural connections, and metal objecta 
of typed never found Багаа, together with fresh insight into the various 
arts and crafts of а great elvilization that 20 years ago was unknown 
and unsuspecied; such are the resulta of one amall season's werk of 


"us America's first archeological expedition to India. 
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Darieg the last. hundred years the work of archeologists and philol- 
ogpiata hea broughi within reach of our knowledge the civilizations 
which preceded ours. There ате still many who mock at archeology 
өл the innoenons digging up af places of aneleat pots, &nd many more 

te whom archeology is merely a romantic search for objects of gold or 
for material of атаса] intarest about ancient kings and queens 
But to thosa who understand the meaning of history, archeology has 
the invaluable function of making available for historical study the 
uefa of past civilizations, From finda in masy ailes, ond from the 
decipherment of counties inscriptions, wa bavo been able to piece 
together some knowledge of the cultures шені social stracture amd 
languages of Egypt and of the Mesopotamian areas. More recently, 
excavation: im Agia Minor have been giving us в pietura of marly 
eivilizations Ї that area, 

In Syrix-Palestina, howerer, there has heen comparatively ТАМ 
Lurge-seale excavation. The civilization af (hit area was nat ün- 
known te us, both from the Hebrew reactions to it in the (id Testa- 
нын, arid [reza ita later contacta with ¿ha Grieks and Homans, From 
our knowledge of Egyptian and Mesopotamian history, we pathered 
that this was а politically weak area of кшш] city-states. There was 

a nó Tar-reachimg empire here with great kings und much gold, and the 
first. excaratlons in Palestine yielded few objects of headlina value. 
Partly for these rensoma, partly because of the negative judgment 
of the Bible, the early ¢ivilization of this area was held of little bm- 
portance. The Phoenicians were explained ва merely borrowers of 
cultural traits, ar at best mediators between great cultures—as though 
шына did ned normally borrow and medinte and adapt, But із 
яриа of such value judgments which Ш beft наана, people have 

= long bean eager for a direct word from this civilization which Їнэт га 
in m» many poinis upon those which preceded and fathered curs. 

Бая Shamra is the first aita to gira wa tha beginnings of an &uthentia 

атр 
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genere] ploture of that гата, tha Érat to yiald anciant Canaanita 
literature. The spectacular character of some of Ив finds hare 
attracted wide notice, bat ite importance for our understanding of the 
history amd linganstšeg of that arca їл greeter oven than the intarest it. 
has evoked in the scholarly world. 


DISCOVERY 


"Tha ёхгахалсан at Eas Shamra began simply. Early in 1428 ав 
Манна passt, working on his land on tha зга of the Maditerransan 
ruck a sione alab which, upoa removal, disclosed à stairway leading 
ie ап underground psaangs. Tt was ап old vaulted tomb, and the 
peasant recovered from it some objecta of gold. News of this reached ч 
М. Viralleaud, director of antiquities іп the French Mandatory Gov- 
ernament over Syria, and in the following winter a French archeological 
expedition was ment thera under ММ. C. Е. А. Бераг and G. 
Chenet, They excavabtel at tho first spot, а bay called Minot 44- 
Baila, авд found additional tomba; teward the end of the season they 
worked on the mound nearby, авд unearthed not only many weapons, 
miabuettes, nnd obber objects, but also n store of clay tableta, sama 
чайна ka АН-ын том ыла, ethers Ёл s nan aad пили cena 
form alphabet. This last desnvery justly recived unequaled 
attention, and the continuation of the exeavation wes seared, The 
work has been cored through with uwnipeachable method, a Жыл 
deserving of mois la view of the many dangers of êmao and 
iiion in archeological work шиі the importance of methodical and 
technical орегыйоп, M, Schaefer bas published the annual reports 
in thé French jeurnal Syria, where M. WVirollagud gives unusunlly 
clear end exact copies of tha wealth of important inseriptipns which 
have come to light. 

THE PLACE 


| 
Ї 
Minat el-Deidn (White Port) is n small bay in the northermost part 
af the eastern (Syriam) coast of the Medsterrnoeam Dea, about 15 
kilometors worth of Latakis, It ds the spot on the Syrian спам 
opposite the салга Up of Cyprus, which can be seen from tho high- 
еміз behind the bay. About 1 mile inland stands tho large tell 
(mound covering ancient reins) of Ниш ash=Shanara (Fennel Head), 
20 meters high and almost 1 kilometer in diagonal. There are other 
talla along the esaet, hiding ruins of other cities, while just io the north 
rises {Һе promontory of Mons Casius, 1,700 meters high. What with 
its prominent position opposite Cyprus, and iia overland passes across 
thé кшшз to the Syriam biniorlnnd, this spot was a вабига) саг = 
m = development of опе of the great cities of the ancient 
саг Ёв | 
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THE BSOCCRABIVE СНЦРАЛИЗН4 


S far, only a mall part of the яшіһен of the tall haa bean ахсаталад, 
bu in that section the digging bus meee all the way down to virgin scil. 
We may, therefore, try fe collect the general facts about anch азгайлит, 
going down from the pmst (historically most recent) level: 

Sirmium J-4—Middle of fourteanih-ilirteenih cndury B. The 
finds, both at Баа Sharir and аё Minet ol-Beida, are cvarwhelm- 
ingly Myconssan, There nre vaulted tombe much like Шина ot 
Мусе, usually with stone stairways amd small windows. Therm 
аль clagaeal Mycenaean painted urna of many kinda, amall perfume 
vasa, many of them intact, large termmsotta jare for wins and all, 
tall Мұсешыма goblets in ibe form of feminine heeds. Borno are 
quite like similar objects found ас Enkemi {ameient Salamis} on the 
tip of Cyprus eppesita Eas Skamm, harisg oven tha anms pattar'a 
marka, Much of this must, therefore, have boon imported, but there 
аға signa ef auch pottery having been mada locally, ке. "Thera ала 
also delicate objects of Porcelain and glass, ivory boxes for boudoir 
punis, Egyptian alabaster тына. Tools and 
ax beads, long ewords—are of bronze; jewelry is of bronze and various 
semipreebsm білге, with necklnees of Egrptinn pearls, gold pendanta 
af Astarte іп Phoenicsn style, and бола rure iron jewelry fore- 
shadowing the appreach ef tha iron age. Fiperinsa of goddessea and 
poda, and bones of eecrificed ніне give a hint. of the religion, and some 
ыты] tablets in the cxmedlerm alphabet hare been found nk the tell, 
with one or two n£ Minet d-Beida. 

Sirmium. [-B—Fifteenth-midale of fourtermih aevery E. CL— Tha 
parë settlement ot Minst -Addn seams to have been founded during 
Ша parted. Heth at iba port and at tho tell there are Cyprian 
objects, hut mat Мусагиимл, and Hhodian potterr meh һа ін alas 
found in Сурга, the Orontes valley іп Grin, and Egxypl. Finn the 
end of this period come n gold plate авд gold Їнэн of fine workman- 
ship, representing a hent nnd various symbolis Батчы. The potlery 
ia largely local, of Canaanite types, Hero, too, ате the foundations 
ef dre reconsineciel temples, ene of Dagan, with two alphabaeiis 
inscriptions dedicated ta him, and the other of Baa], with an Egyptian 
Helo calling bim Haal of Барш. Tt is near thas temple Шал the meat 
store of rese тш Бом бан containing long mythological poems, 
gyünbarirs for tanrhimg cuneiform writing, and texts of elt insiroe: 
инь: this must have been the priestly seribal school, Ciber amall 
tables hare bein found ,ماص‎ and ale & group of ах beads 
inseribed in the cuneiform alphabet "ax of the chief priest," 

Straten TT— Teentysfirzi-zirferml century B. С Hera алс the first 
foundations of the temples of Dugas and Boal, and from the екні of 
Ehia pected come an Akkadian Їе иг writen by Hos local king Niqmed. 
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The pottery is almost entirely Cannanite; i. e., of tha types found at 
contemporary Раја sites, Only toward the end do we find 
n few Cyprian ves, ‘There are figurines ed deities, broese weapons, 
silver and bronze jewelry couch like those found at the grent Phew 
nes city Byblos Egyptian objects, of ihe twelfth dynasty af 
Естрі, аға numerous, incleding many saraba, а sphinx which was 
the gift of Pharaoh Amenemhat LIT, and the stntuzta ef an Egyptian 
commissioner to Ras Skamm. Below this stratum ів а lange layer of 
sterile anil, chewing that some time elapsed after the deetraction af 
the ейу of atratem ITI balora tha aito was reoceupled. 

Stratum JII—Lse fourth mülmnium-mos of third ceileneium 
В, O—The upper part of this stratum yields poor unpainted pottery 
of Canaanite type. Below it № а Еле painted pottery in geometric 
patema, similar to the Mesopotamian pottery of Jemdet Naar, 
Pottery of this type, found in Cyprus, сан now be approximately 
dated by comparison with Rua Shamra. There are large buildings 
of ім Емі brick. | 

Заваан, IV— Fourth milleeniem.— The top of Ыз siratam again 
ahows unpainied pottery, Then comes pelyekroma painted pottery 
of geometrio design amd ram beauty, different from that of siratom 
Ш and similar to the famous pottery of early Вива I in Ретін, ol- 
Obeid, and the early levels of Carchamish and Niziveh. Thera із по 
metal here; tools are of stone and flint, of obsidian and silex. Ther 
are traces of brick buildings which bavo been burzed іп some groat 
fire. 


Stratum V.— This siratom of unknown ibsration is definitely pre- 
bromine. Tools are of stone only, with great use of silex: obsidian ін 
rare. Tha pottery is ambajo and unpainted, ‘Tha lower levels show 
neolithic culture, and below that ін virgin soil. 


HIBIORY OF DGARIT 


The site of Шая Shamra hos been identified, frat by historical 
inference, and later by testimony of Иін cwn tableta, as the ancient 
Ugari, known from the Amama correspondence, Ї exhibits an 
aniiquity which rivals tha great mounds of Мавуройллай, kawing 
been occupded from neolithle times, Im successive agma it waa in. 
habited by peoples of the successive painted pottery cultures, related 
culturally to the bread areas of painted pottery in Asia Minor, 
Mesopotamia, Persia, Dering the third millennium, at a time whem 
Egypt and Babylonia already had cesniralirod governments, thers 
appears m culture primarily related with the Casmendta ава іс the 
south. We may call this the coming of the Phoenicians (or Cansen- 
ites) into Ugurit, although we must be wary of identifying cultural 
changes with elhnin movements (eulture baing understood to include 
also all forms of rosterial civilization); not every great changa in 
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та ага! type means the coming of & mew people, for cultural forma 
шїї aprend far beyond the borders af the peaplaz who develaped 
tham. 


Early in the second millennium Ugarit developed into an important 
trade city, sow certainly Рояал, It was imperant to Egypt 
during the ілге dynasty, а and wee [ега under its domimatian. 


long mythological poena may have been written, Some tima during 
ihis period, perhaps in the uncertain times between the Middle and 
New Kingdoms in Egypt, the fortifications of Ugarit were dismantled, 

With the New Eingdom af Egypt, Ugarit continnad іп ita impar- 
tance, probably, like the other cities, an Egyptian protectorute. Dur 
ing the troubled timed of the Amama correspondemee, Ugarit wes 
sacked, appareniy by a Hittite army around 1385 В. C. 

After this destruction, with the weakening of Egyptian contre! nnd 
commercial contacts, Mycmacans seem to hava come to Ugarit Ps 
largenmmberm. Around the port of Ugarit an international settlement 


need mat infer ihat Ugarit wea conquered by Mycenmeans. ‘The city 
was independent of Egypt; іп the great. batilo of Qadesh, Прагі 
troops were among the enemies of Tana TT. 

When the Peoples of the Sea spread over the eastern Mediterranean, 
they sem to have either destroyed the city, ог settled in it uzitil it 
was destroyed, Du (though шарға Му) by Tiglaih-Pileser É of 
Asyria on hia campaign. 

At all eventa, Ugani was destroyed] at &bogt the end of tho twelfth 
century. The side was inhabited from Ше eighth century, for a time 
perhapa by à nom-Semitio (GreekT) population meag sarcophagus 
burial, bronze jewelry amd instruments, iron weapons Ugarit is now 
іп the ов age. Later periods yield Neo-Babylonian and Egyptian 
objects of the sixth and fifth aml. ‘The ейу maintained Над? 
inte Hollenistee tines, for we find Greek сода of the fourth centary 
В. C, but under the IHellezastic Seleucid kings of Syria ite place wea 
gradually taken by Тава, à seaport а few тайы ta the south. 
Sinon thea the site itself bas remoined aninbahbiied. 


ЧАРТ ГЫ THE ANCIENT WORLD 


In ancient times Ugari was one of а chain of seaports aloag thé 
eastern coast of the Medilerranean, marked to ibis day by tells of 
covered ruins. ‘These and ibe inland towns of Syria-Palestine wera 
all saparata unite, There did not exist hero the same bogal meade for 
өлім! action which bad caused the growth of centralized povernmenta 
in Egypt and Mesopotamia. Hat language, culture, and роршиБов 
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wars much tha вить aver Seria-Palestise: and Bos coastal towns in 
pürticiZar, what with the similanty of their oceupatlons and interimta, 
hed developed occasional cooperation—at ines perhaps approaching 
в uma guild of the great commercial towne. Though it was far to 
the north, Ugarit muss have hed considerabla contact with the 


Tia са га! and eemmaereial бовицын with Mesopotamian must go 
back to earliest times, witnees the objecta of Mesopotamian origin 
and the use of cuneiform writing, Tho continued contact may be 
£&thered from а bother (c. 1200 В, C.) of ав Assyrian, Balubur, to 
Tishar in Ugarit, informing him of û deewment ha wae sending to ba 
read іс the Queen of Ugarit 

With Egypt, Ugarit had commercial and political relations, at least 
from the beginning of the second millennium, though these cam hardly 
bs compared with the close relations between Byblos and Ezgvypi. 

The Мубепагав contacts, which became so prominent later, bagan: 
with small trude between Ugarit amd Salamis im Сорғы, in about the 
mvenbecmih eembury, Ad thet tnn ¿he pottery in Salamis, йк shown 
by the Enkomi excavation, was almost entirely Syriam. Tharing the 
fifteceith-fourteenti centuries Salamis hed both Cyprian and Syrian 
pottery; this is the period when Ugarit had а great doal of Cyprian 
pettary, and parkapa tha beginzing of a Cyprian population at its 
port. Ін the end of the fourteenth century and during the thirteenth, 
Salamis bad saly Cyprian and generally Mycenaean перф 


who took Ugasi also cut off Mycenaean trade in general; it wis only 
Gilar that break that tha Phoenicians resumed this trade with the 
Greska who inkerited the Mycenaean area. Memories of this early 
contact between the Aegean world and Syria came down to tha Greeks 
im the form af legenda such ns that of Cadmos of Thebes who lived 
long in Phoszicia, and проп his retern brought the alphabet, the 
“Cadmacan better” More significant for the early period, amd 
especially for Ugarit, is tha legend told by the Byzantine Malalas 
about the marriage of Ками (oponym of Meant Casius) with Killa 
{eponym of the Cyprien city Chium) daughter of Salaminoa (the 
tiir Salamis) of Cyprus; after their marriage they colonized the 
region of Must Casius (jest north of Ugarit) with Сурнипа and 
Cretan. The inference ef auch legends is that it wos Aegean traders 
whe brought Phoenician eu]ture hone after visiting Syria, rathar than 
Рімчшісінп traders who visited the Aegean and tought it their culture; 
however, legends ага often guilty of projection into thé past, and we 
cannot be sure ая yet of the жәні course of contact between the two 
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Several races and cultures were represented at рані. The chief 
element, at east trom the third milleanium, was the Semitic Canann- 
aedes ier from the pottery, the language of most of the 
tableta, gn ty of peroneal maine ond meighboring pacs mumsa 
recorded iz the tablets, 

Of the other peoples, the Cypriana mest have been prominent in 
the port settlement, ns арроага from the archeological evidence, Ап 
enigmatic text from Ugarit mentions Alastyans (Oypriens), Hittites, 
Hurrians, and ether people, And among the personal names, and 
the names of pleas from which varios persons are mid to Бато cama, 
we hate miny which om not Gemitic. 

Next to the Canaanite, the most important group seems to Баға 
been the Hurrinn. The Hurriane were, during the second mileniwm, 
а widespread people. Tlurrian texts авд names nre found daring the 
таа of that millennium in the neighbsebood of Asyria, im Asta 
Minor, in Syria, ond Palestina. Wo keow neither the extent of their 
spread noe what peoples and [шыш йа wore comprised in thee, but we 
know their influence was great. "The "Ний! culture of North Syria 
(called Haiti land by the Assyri&ns) wos in al probability Hurrian, 
being quite different from that of the Hittite center in Asia Minor, 

| The Нотта were an important demiak in the population of Palestini- 
Syria, The Hortes of the Bible ware бетті by Professor Speiser 10 
іште been Нина and quite n mumber of the early Palestinian 
tribal and personal names mentioned in the Bible are Hurrian: 6. g 
Копа, the Ferme, the mares in Genesis 38: 20 B. such as Dishan 
(Huzrisu Taihenni). In Наз Shamra thers аге ғалау Hurrlan тишти; 
іш one letter all the people involved ага Hurriana, Аар, thoy um 
the Seanitic language, just. ax the Huriana of Nuzi weed the Samiti 


Asayrian. 

Rus Shame hea also yielded в gyllnbary (sign dictionary) in Башы“ 
lam and Hurrian (ta байг euseifarm writing to Hurrian serihea?), алй 
several texts in the Одгий alphabet. Although our knowledge of 
Hurrinn is limited, we know 1% la thia languages because af formal 
similarities with tho langeage of tha famaas Mitanni letter (of Tush: 
ratte, king of the Hurrian land Mitanzi, to the Pharanb of Egypt) ший 
with the related language of certain of the tablets ound nt the Hittite 
capital Но иг in Әліп Minor. The Sumèran-Herrian syllahery, 
interpreted by Professor Thureau-Dangtn, һай teen of great valos in 
telling ua rere af the atraeture of the language, and in idantilyinjg the 
manning of sema of the mize and words, Although this language із 
related ba the other Hurrian dialects of which we know, it may can» 
1 inala, Ж. А. Merril ог ла. pp. ШЇЇ Ёс Екін emo За Сы Ман Кый іш сын шине] 
mimin В. C.. Алты Аглаг, iki Orlazta] Тэн, ziii 
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stitute a different dialect. "When the alphabetic texts nra inbernroted, 
Ras Shamra will have become one of the chief sources for our knowledge 
ed this groat bat да-а poopla. 

пыш Aun ЇНЭрнткт 

The imperiance of Upnrit derived from ita geographical рок от, 
It waa apparently at the lend of one of the chief irado restes mlasd 
drom the Mediterranean: The теша to Aleppo and on to the Euphrates 
"Valley and Mesopotamia, Goode from the north Phoenician cities 
probably went anat by way of Ugarit. In addition Ugarit bed a lively 
trade with Egypt which it supplied with the highly valued barused, 
Its chief trade was undoubtedly im bronze, Salamis in Cyprus авд 
Ugart om the Syrian coast wer the mations in the passae of bronze 
from (Cyprus, great source of copper іп the ancient Near East, tà 
буга amd Mesopotamia. With the bronze, other objects passed in 
trade, and when Mycenaean pottery is found in Qatna in Syria, or 
eat ie сатаа атар к we may priame that 

Шыт разый through the stalls and storezooma of Ugarit. Later, after 
the period of the Peoples of the Sea, whee iron begun te replace bronze 
ва the moet necemary of metals, tha extent of tha bronza trada foll 
decisively, amd Ugarit never regale the importance it had bed before 
the brelfth century. 

т 
Ия needs at home, aad partly in conjunction with Ия commerce, There 
ага iracas of a pottery industry, und of a purple industry for the dyeing 
af clothe used at horse ànd in trade. There wea also a bronze industry, 
and the unused deposita of copper ore and dag which have been ға- 
covered by the excavators were shown by analysis to have come from 
Enkemi. 

LIFE ІН UGAKIT 

In apite of the many objects found in the excavations, we still know 
little of how people lived in the variows periods. The large majority of 
texte ure of mythological or cull content; there ага n few lettera of more 
oF lesa personal nature (a, g., the Akkadian letter about tha escape of 
Hing Niqmed's eguerry), and perhapa one of political cantent; there 
are also some Шим of mames, 

Even во, we сап record that dering the lala Bronze Age (stratum I), 
af the apex of the copper trade, Uguriè waa a rith city. The houses ara 
large and spaced well apart; the moro important ones had vaulted 
tomba attached. The weapons, jewelry, and various objects із gold 


&nd silver, bronze, and pattarr, &re numerous and well-mada, Бо 


Little is known of the methods of trading, but we do know that thay 
used а bilani of 8,009 ahekols, ва against the usual one of 3,000; the 
sume short talent is employed in Exodus 38: 95-7. А tut ûl ты 


x 
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erinary eure pives an insight inte their treatraent af the than тала 
and valuable horses; interesting is Ил frequent recommendation of 
dried Бр cales, peoseribed ав a zedicine in Глаза $8; 21, and raisins, 
frequently mentioned in the Bible на а food used with the dried figs. 

From their пау ьа we may learn something of ийг own life. Thus a 
mariage of the gods, which must reflect current or past eustoms in 
their own marriages, entails tha Intber s wedding gilt ta his daughter 
(Biblical shilluhim), and the estate brought by the bride from her 
father’s howe, and the old brido-price (Biblical mohar} paid by the 
guitar; the barma ий aro the ғаға ая kn tha Bible and in the (Hurrian) 
Аюунаа Миш texta. E 

The art of Ugzri was of varying quality, "Ihe gold bowl amd plate 
аға cutstanding али! rich, but do пін equal the best contemporary work 
ef Egypt amd Cyprus They show Miycennenn and Egyptian iniu: 
ence, and exhibit motifs which com best be explained from Cyprus, 
Mesa po лгийн, nnd perhaps ether Asiatic аглаг similar [ийдир 
may besora in the locally manufactured eyBnder seals, Ono врше 
Of Шаа] ін noteworthy for being made of bronze with gold, ailvez, alaj- 
trum, and green sbeatite used for various parts of the statue, 


аста, МҮТЕВ, FO BHF 


ы Бан бын ткы керн Би ei all гєї ая myths: 
what sihar literature thers may Бата hen, wo do not know. Тізте 
таз probably little if any secular written liberatur, for reading was ап 
accomplishment of professinnml scribes only, and even them myths 
mem to hare bon written down primarily ва am nid to pricstly recita- 
Шот, "hey are of the greatest энгэж! bo wisdania of the ancient ensi 
ond to students of ee о being the гай direct material 
ot apc ии migon The Biblical гийёгиасла to this 

and mantivo: tha Greek deaeriptiosa, aas in 
Tenants da Das Буха, мышлы sun. Tha fulleat.acccant was that 
given ab fourth hand Бу Eusebius (Fraeparntio evangelica i 8) and 
attributed tà à Phoenielan prat 5anehuniathon: meat acholara deubt- 
ed ita authenticity. Now both this and the beief дмстірінмя in 
Ezekiel and elsewhere in tho Bible aro well borne out and Eecanparably 
amplified by tha direst gvidas, 

Vigarit. had its own pantheon, generally similar to ihat of the ether 
Phosnicinn-Gyrean cities. ‘There was a chief god П (Biblical El), 
father of the рын, nnd his comeort Athirat of the Sea (Bibieal Асыға, 
thes shown to be а true deity, cf. 1 Kings 18: 19, mot merely m cult 
pole), whose relation to the жа may have some conzection with the 


“Cyprian Aphrodite‘s ana characteristics; one сайн ta mind the Gresk 


——— Ён ре би нева There is the 
grain god Гарах, and PAOA а рер Aliran wos the 
Adenia of Ugarit, dhe vegetation god who died with the scorching 


488 ANNUAL ИЕГОЕТ БЫШТАН DISSITIUTIORA, 1097 


Pammer amd rose to life with the returning rains; hia consort із Anal, 
and bis perpetual enemy ls Mot, god of the death of тасын боп, while 
Shapah, goddess of the man, often comes to support him, "There ore 
many other deities, sone of whom have no appeared іп the mytha, 
bet are mentioned in lists of aserfices or of gods; such are Rashp, 
Atbtart, a possible Milkam (Biblical Milkam?), all known from the 
Bible (where Astarte, 1. &, Athtart, із the consort of Baal) There 
are genii tho serve the pods, e. g., the divina constructor Kathnr-Hasis 
fe. double nome "ablennd-anderstandirg ^", mentioned in Sanchuni- 
athon as Chusor, And there is à general divine population, the Band 
Ше (ef, the Biblical Bos Elohim), All Give on tho Мда of Барша 
("North"), the Olympus of this ралы, which ia Mount Casus, 
йаг of Eas Gara; cf. here Tyroa "Holy Mount" in Ezekiel 28: 14, 
and "Mount Zion in the Нассавса of the North (Saphon)" їл Psalms 
4€:3. Ttinrevenling ta find here a reference to the mrthies] Leviathan 
(Lotan) іп almost the exact words used of him in the Bible, and а long 
legem about Гала), who must be the Canaanite myth hero referred 
to in Ezekid 14: 14 али! used sa model for the Biblical stary af Denial, 
The mythologesal pores tell of the struggle between Aliyan йені 
Malt, and the death and resurrection of Alpen ьа] лә in the wide- 
аргаа! Adonis myih. Thera а myth of the Бий за of Alivan's 
divime беда (perhaps recited at the completion of his tampla in 
Ugnrit), and ane ef the victory of Aliyan, ns Lord of the Land, over the 
gods of the Sea. Thare is а myth of the merringn of the moon gods, 
Tarih and Nikkal, and ome of the birth of the "Oracles Coda." 
Рана of thes myths can be read with suse, but bocause of our lack 
ed knowledge of their baekgrennd, and our frequent inability ta futher 
Ahcir exacti menniag, much is wneeriain етеп now. There have been 
atbunpis bo read these poenis as historical traditions, amd to prove 
from them that the Phoeanbdans came north to the Phoenici i 
coast from the south of Palestine whero they bad originally dwelt. 
The evidence proposed wes the identification of south Palestine nanigas 
im tho pama, but most of these identifications cannot be defended: 
талу ате EH ea bal similarities and mugh, Tor the sense of the pora, 
be interprebed otherwise. The renderings of the poema by such ший 
ax Professors. Albright, Montgomery, and Ginsberg leave no room for 
their interpretation ал historical traditions, Even more erroneous із 
tha аратара to identify the origin of the Hebrew people with this aa- 
sumed south Palestine Phoenician center. There ін nó archeological 
evidence for placing the Phoenicinna there, and ав to the forebears of 
the Hebrew people, we have good evidences thet they were not of tha | 
Canaanite group but entered Palatine for the most part during the — | 
middle of the second шинийн, ‘This divergence of interpretations — | 
reveals once more how Little ono can trast one's reading of a text, how 
easy it is to read into it unintentionally but alfectively any ideas to 


АЕ ЯНАННА--ПАЛНТЇН 450) 


which ome із sccustemed or which ome unconsciously wishes to find, 
For this massa it [a almaya best to rely upon the incontrovertible lis- 
guistio evidemee of the linguistic forms ав they appear im tha text, авд 
to draw only each minimam content as appears moss “simply” from 
the ший! itself. 

The smaller tablets inchede chiefly lista of templis npa gods (in- 
cluding non—Semitic), lists of temple goods, lists of sncrifices, direc- 
tiena for preparing sacrifices, and ritual prayers, The parallels with 
Hebrew religious practice are many, The animals which may bé 
sacrificed are the same: many mares of авсгїйсаа are the ame, Ни 
it ia interesting that oi вахтса calls for the сөзі ее of а kid in milk; 
thi» i» prohibited in Exodus 18: 19, 24: 06, Ona sake if the Biblical 
prohibition ав Li opposition to this rite, with the general Jewish 
seperation of meat and milk foods developing therefrom, or whether 
thas general custom preceded (from pre-Palostinian times) and aw- 
Plains the interdiction of the Canaanite rite, 

Of the relation of this Canaanite religion to that of the Hebrew 
people, two things appear certain: Clearly the ferefutlera af tha 
Hebrew people, whee they settled im Гага, took over much of 
Canaanite cultura, incleding many of the cult practice, types of 
sacrifices, myihological berces, even soma of the moral proverbs, as 
Witness the appearance in Ugarit of the pirate "plending the plea of 
tha widems, jadging the enuse of the orphans" (Dani 2v 8) whieh the 
Bible ко frequently parallels Tut it is even clearer that the hulk of 
the cultural amd religicus background of the Hobrow people waa а 
diferent ағ. The Babylonian legenda of the Blble (creation, d 
Nimrod, Tower of Habel] are eonspieuncusly absent from Ugarit. Бог 
various sockal and historical reasons, the Hobrews in Folestine, етеп 
with the assimilation of Сапаар са into dham, retained much of the 
culture which they hod had in pro-Palestinian days, and altheugh the 
final form of Hebrew culture was certainly no mara continuation of the 
cid, it ветен Ьава remained fundamentally different from the 
Canaanite, 

THE UGARITIC АГРНАНЕТ 


PLCITHEHWENT 


Within a fow months after the fired great flexla of tablata ін 1828, 
Virollesud published n sot of excellent copia of the tablata in thair 
халта cumeidorm signs, IL was clear that the signa constituted an 
alphabet, for there worn only about 90 of them used отог and over 
again. ‘The moria were sepal by short strokes, nnd it was fond 

== that inca werd of thin or four lattam, — Virolleaud and the cxeavaton 
thooght that the script might be Cyprian, because of ihe extent of 
Cyprian materiel found аё this stratum. Othar scholar, judging by 
the probable Semitic population of буга, and by the throe and fours 
Іа 18 z 
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letter groapa, looked for a Semitie language with an alphabet in which 

the consonants were written (ва was the case in the Phoenician 
alphabet); іп this ease most words would have three letters, fer the 
thren госестилін of the root, or four, for the root plus коша affix, In 
May 1930 Profemor Bauer commenicated his [гїї suggestions for 
deciplermeni; dizrizg the some time Professor homme in Jerusalem 
was arriving at somewhat similur results. — Hoth agreed on some of the 
letters, and each corrected from the other's suggestinna. 

There were no bilingual texta, and the próessa of desipherisg in- 
Tolved тыі Пота а imgeneity. Eut пя sees ая tho majority of apna 
had been correctly worked өші, familiar words such жа пір: ("ox") 
EUN UMANE یک‎ ЧА ماسوو‎ ааа 


wenn readahla, characters remained in dowbt even then. One 
Taka ТАЛ baca seed burned out, when mare texta were published, 
do be воине ин si the turo signs р nnd ayin (a Semitic larrngal), 


and sometime anew sign with the values. Anethor migen, leng takim 
ал в талыш dor the ign, is seen to be a different sibilant character, 
атаа а ee fine of bwo аге skill 


THE вснірт 


The alphabet consists of simple cuneiform eharwetara having ra 
Talim to the syllabie and ideographic (logographic) signs of Sumer 
inn-Akkadinn eunsiform writing, bat aiznilar £n that they too are made 
ed enmbimatiena of impressions of à wedgeahaped stylus on clay 
Тан. Tha writing runa Їнэс іші to right, like Baby balan cunel- 
form, bet unlike the Phoenician alphabet, which originated in a carved 
вегїрї and ran from right to left. 

There are some 20 signa, all representing оопеспапія; ая im the 
Phoenician alphabet there are no signa for vowels. Hlowerer, for the 
оопоотапЕ aleph (tke gintial stop) there are thras signa, ond each for 
Мар with a, i, and u vowels respectively. Each sign is of set form, 
but in the amaller tablets there appear certain signa the valuc of which 
haa not yet bess determined, which may be merely variant forme ol 
mme of the standard sigma. ‘There is one charactor fe) which occurs 
only in the amallar tableds, and which muy be а second s-slgn (entirely 
different in form) by the sides of the waal g (whieh яррғаға both in 
the pocens amd in these axme small texta). 

‘The spalling is fixed throughout; no word ia written differently at 
one time than of another, This ie hardly surpris, eines each letter 
represented a different sound, вэ that property there could be but one 
apelling for шы werd, but the absence of АЙ slips indicates that the 
script was well-eatablished a£ this time. ыг 


“ты ее рыбе дарди will ba hare Заваан a, i, кый wa Da w prem үн үрсєл 
Tespossaaada [T] ог HÎ аж тш. (хн [чт]. x z Pm 


f 
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In the long poema there are few errors in sign making (ë. g. putting 
in ef extra wedges), Hui im some of the small texts there are many 
such errors; im a few the letter n is regularly or usually made with 
four instead ef thres wedge-impreasiang, # with even inatead ef five, 
and so on. It may bo that some of these texte аға exercises and 
studiata’ work; tha syllabarum foand with then suggest that the site 
was в scribal school, Some have ваговим! that the lees regularly 
written iableba are earlier nud go back бо n tune when the alphabet 
ws БИЙ not quite fixed; in tha£ case the signs which occur only іш the 
апа tablets may be early vursants, or eBoauracetera which died eut 
rap ad i an But there із little evidence to support 


тренер RR bined ама ыыы ER 
the writing rans trom right to left, and tie individual sign, too, am 
tareed авнын Whether this had somè magical куири салса. bà тый 
clear ав yet; the contenta may be magical formulae. 
рт бет, ын СГ Шеш bearing upaa Шы 
history of the alphabet, št is important to kmow their exant date, ‘The 
preset store of tebleta was found іп debrm in stratum 1-Н (0. 1500- 
1865 В. CL), but some of them seem to hare been built into ths reoon- 
кпйин of the entigwous temple, suggesting that they may in Tact 
ba older then thie reconstruction. The colonhan of mama of thee poema 
indicates that they were written down (copied from older exta?) 
during the ream of Niqmed, King of Ugert; af the top of siratuz II, 
і. e., just before 1500, an Akkadian letter wae found written by a 
Ring Мишны nf Ugarit: IE both refer to the same person, ib ИРНЭ 
that these tablets are of that time, c. 1500 В. С. Other tablets have 
prn іп sirütums 


jT eT алж 
II, af Ugerit. How far the use of it or the knowlodge of it spread, 
wo cannot tell until other sies have been excavated. In Beth 
Bhemesh, in sooth Palestine, there was and a tablat with a aber 
inseription in the Upuritio alphabet, writien in reverse The tablet 
bes ot яв yot bom тестен Ау рен ін хаар be ln а nom 

language—but it аш аа. to тарғын that the alphabet of 
ت‎ ing eae pa 


DOARME AND FHORESTCIAN 


"Tha origin of the Ugaritie alphabet is unknown. It is all very well 
_ fo Bay that tha soribes of Ugarit, using the Akkadian cuneiform, 
Eni gei e adr rne gie d aie 
they come upon ihe ides of alphabetic characters? We cannot. 
explain it ва a development from (heir knowledge of the яу 5 
батпа, for the alphabet is na natural development from syllaba: 


writing, (mes writing has reached the phometie stage, cach sign 
ін à naburalsyllabüe division of n word. "The 
тада to tha amallest ayllabie divisions, but the signs will no& ba 
made to represent such divisions of words (i. ғ., such sounds or conshi- 
nations of prends) as are nod normally pronounced “hy themaalves," 
that is, za seperate syllables. There will, therefore, be no lettera 
pépresenüng the nonsyllabàs consonants. uk ірін precisely Ший 
that wa bava із both Phoenidam ond Ugaritic alphabets, In the 
former, we know the талон: tha junetere of eireumatanees which lad 
to the constrection of the Photnician alphabet on tho acrophonic 
principle (the principle of having n sign represent the та! ніні of iis 
nam). ln the exse af Ugaritic, what was the reason? 

‘The suggestion to derive the Ugaritic alphabet from the Akkadian 
cuneiform may be set анде. Neo impressive similarities have been 
алай between Авга ын amd Орынне nigra, hat even if there 
were simiburities they would mei explain the зошто of the idea of 
alphabetic writing, Similarly, thore are no grounds fer tha ацан нь 
that this alphabet was invented by non-Semites, à suggestion growing 
owt nf the cxisienen of тасын шері signs. Tho alphabet seezns 
definitely to Bi the Semitic dialect ed Ugarit, and the three aleph signs 
may havo been a special adjsstment for the Hurtan population, 
perbapa introduced for use in writing Harrian. 

We көші паана the ible таайа with the Pheentciam 
alphabet, “Tha primitive inecriptiona found at Serwbit in Sinai show 
Шай the alphabet existed ая early ав the twentieth century B. ©, 
(ог, perhaps, the last pre-Hyksos period), The Phoenician alphabet 
proper has been саятны) back bo ibant tha thirteenth сешілігу, Іші 
recent Palestina excavations have yielded soma 10 атас inscriptions 
from тод 1600 and 1200 В. C., all showing enrly stages of the 
Phoenizian alphabet, Some have euppested that the Ugantie alpha- 
bet їз meray ав abtempt to tretefer the Phoenician to usa on clay 
tablets, but im that case we shoald expect far greater similarity bi- 
tween the letters of the two alphabeta.— The only close similarity is 
between the semak (8) of the Fhoenicign and the өтесіз! 116: 
mentioned above, which appears in a fiw of the amall tablets and is 
entirely differant from tha ordinary g: thia map, perhaps, be à variant 
mede ая a copy ef ibe Phoenician letter, only to die owt withaat gain 
ing acceptance. Tt may be true that the forms of some Ugaritic 
lebtara аға bass] ап thé Phoerüeiüm. Same ячЇнХ ага hove euppented 
авойнг point of connection between the two alphabeis. Im ome of 
Ше texta, n Hurrian one at that, the letter apia appears with n small 
tirele about it. ‘Thess всната consider the бітесі Бо be the Phoenician ~ 
apin, тәні hem as а dineritical mark to distinguish tha Ugaritie agin 
from the vary similar’. However, for various reasons this view should 
ba міріні: tha ancireled sign in Дина Шеп probably representa n mumm- 


{ 
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the two alphabets remains highly dou 


Nevertheless, the sendî A al sant alphabet шин hive ben 
modeled on the cnsonantal Fhoenicinn alphabet. Only во can we 
explain why the Ugaritic alphabet has no signa for vowels even though 
it waa ereated by people who knew Akkadian cuneiform, and vowels 
are the only simple sounds far which cuneiform did have soparate signa. 
It may have been made with a sign-for-sign correspondence to the 
Phoenician, in which ease it probably had to continue the lt and add 
кшй alone for sounds which Phoenicimn did not Вале. Bot more 
probably it was modeled on the general ncrophbonie method of the 
Phoenician alphabet; just ая the Phoenician had sigma the value of 
which woe the first sound of their mares, so hene cuneiform signa were 
made, with fixed names, and with acrophoule alphabeti value. 
We ешип be at al] wore of ihis, Dor see da таз bara tho талаа of the 
Прага lettera, but it is doubtful if the sounds were thought of 
analytically by themselves; more probably they wore conceived ая the 

хүчнээ inilzs] agunds of varices words which “began differently." 

у, the Ugaritle alphabet waa probably not a slavish borrow 
arb ian, bui a new tration based on & kaming of the 
general idea or tha enderlying method of the Phoenician alphabet. 
We hiya hara n fine example of the learning and independent application 
of cultural patterpa, в type of transfer which often takes place іп the 
spread of culixral forma, “(Phi i imitati of the eultural pattern haa 
oceurred severa] times in the history of the alphabot—it Sgures in the 
very origin of the Phoenician alphabet—aad is bat another witness to 
the great adaptability of peoples іп sesimilnting the cultural formas of 
thair naighbars. 
THE LANGUAGE OF UGARIT 
WORKING OCT THE GRAMM AT 


The language of Ugurit is of great interest for Бапа ба linguistica. ТЕ 
has brought importast mew faeta to Eight, and has given body to some 
Туройнмаса.. But it is not in itself a totally new Semitic language; 
ib a n ес closely relabed to other ола Semitic dialesta Wlan 
ones the values of the alphabetic characters were deciphered, iù шил 
possible to understand large portions of ibe tects, Most of the words 
were recognizable; ther were similar to Hebrew words, of to words 
kmowm fram PFhorniei&n insenpiions, ілні were meme) to have the 
sans meanings ns their cognates (words in related languages whüch 
have developed from the same common werd іп the parent speech). 
Some words could not be made out at first, but were shown t have 
cognates in Akksdian or Arabic, or other morn distant стил He- 


guages. 
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Ал the texte wore read, the grammar bogan to peveal Мав, Con- 
жөтелін! prena und аза indicabled something of the forme of verba 
ard moms, gines the funetlons of moat of these ERE were known 
from other Semitic dialects. Of particular value wera tho three aleph 
digna, which rerealed the тоты following the aloph for the vowel 
preceding it, И there was nome following); this served ая the chief 
indication ef the voenlization. Profesor Friedrich soon showed that 
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женген 1— T5 Hariri ан. 


the word for “chair” wng spelled liu when it wns in the elel ra, 
kee when in the accusative, bei in the genitive. We must, therefore, 
ата that it represented [kussa'u, kussa'a, kusaaif in the threo 
positions, amd that the old Zamitis case-endings wore still in usa; 
hence, the word for sacrifice, always spelled dif, must have been 
pronounced [dibhu, dibha, ШЫМ) in the three cases, Similarly, from 
verbe ending in aleph, Friedrich densonstrated the existence of various 


Inoder—an indicative ering іп [z], e. g. in Ши "she mised" for [tiMa n], . „ 


Where the jussive ін Ake for | ат, and so on, The alepbs also reveal 
the vornlization of thé werb-ayelem; thos ihe form written amid, 


В Finima piven an tar watt рға ір kati prere] iu tk \ 
еі i MM амийг крет Din taran y ва ma сар pod ga а 


ا 


Se Хи It E ИНӘ 
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representing [ama ide) “I imereaaed (Т)" abowsg, ва do other forma too, 
that the rowel of tha prex in tha derived atama (except the J-eteme; 
this is Piel) was [a], and that the stem vowel of the Piel waa [i], sn that 
ШЫ "he honored" was probably pronounced [t&kabbilu] Tho 
alupha have further served io indicate unexpected soumd changes 
which Бата occarred іп the language of Ugarit, aa when the word for 
“head, which we would expect to be [raa], written rad, is found 
ал ri. 

At times the ensonants, too, chow unexpected things nba the 
language: it ін when we eame upon such an unexpected form aod ате 
able, in conformity with our other knowledge, to explain why it sbovld 
bo sa, that we Вы we are not merely reading ints the teria what we 
happen already to know about Semitic, but nre correctly lntorproting 
the mew evidence, Thus а problem is posed when wa find the word 

been" written fein, although the final А in the cognate word 
in Hebrew ін always regarded nz а vowel letter, and we know there 





rene ste te y yam pi) om Domed, Desens е" 


arene vowed letters in Ugarte, But further consideration shows that 
even in Babeow there are indications that thia is mo ordinary vowel 
ааг but tha reflex of mome old сапазтагіін! sound: the Ugnritiz form 
fte neatly into this understanding, Similarly scholars were unable to 
onderatand some of the cccurrenesa of the letter d, la amh phrases ng 
тот d Ы”, where rgm miana “word” and Біз! “you will bear"; but 
these difficulties disappeared when it was realized (hat the Bailie 
sound ў, which became а їл Hebrew, had become din Ugnritie (ooulesn- 
ing with Semitic d proper), во Шал some of the d-letters were to read ая 
reGexes of Semitio d; in this case it 18 the relative "which" (Hebrew 
ге, Arabic du): “any word which yon may hear." 
In this manner the gnummar—the struchare and system of the 
be worked owt, Many words areinterpreted by aid of 
context, as m tha aienpla сана of the word for "gun" ЁрЁ (instead of thn 
usual Gemitic fet), which wie anderson through Ия occurrence 1n 
the phrase dpi муть "* * * ап mete.” Hat the chief aid to the 
undarstamdimg of the texts and the langeages, sxpectally in the poems, 
ін Ша well-known poetic constraction of paralielimm. Ti is almost 
abwaya possible to work out the poetic form even of obscure passages, 
and if one БАН of а раға Ы couplet is underatood, wa know what ta 
expect m the second half. 
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TILE SOUNDS (FRONOLOUT) 

The alphabet of Ugarit shows that the language had most of the 
consonante which we mesmo the parent Samitie in have had, 
The sound $ (sin) bad coalesced with 4 (shin), d with s, perhapa g 
(Агь йл phain) with ! (avin): in historical Phoenician ard later Cunaan- 
ite айхаа we find not only these but also other analogous conles- 
cence which hove not yet taken placa berû, The sound d bas conlescesd 
with d (this is the simplest interpretation of their being written 
munilarly), though in Phoenician and Hebrew it moral to 2. In 
Aramaic, too, d borama d, but this waa over a millennium Inter. 

We have little evidence for the exact pronuzeiaiion of these sounds. 
But we may kimi that Semitic | (ns En Exglish thing), although 
it remaized distinct from every other sound іп Ugarit, hed come to 
be pronemneed somewhat like s: tba [-«ign is used ін [отет names 
which probably contained s, ая in aly for Afosiya, the mama of Cyprus. 

Abyat the vowels, we may make some deductions. Diphtisongs 
were білер мі, ая іп лох! Cunsunite dialeeta: the word for henase," 
Gemitin “hats, ia here written M, amd za must hare been prónduneed 
|Ы), Final short vowels were stil preserved, as they жегп at that 
lima in Салан hence wo still bavo tha casc-endings as seen abore, 
und the vowels of the indicative and subjunetive verb. Tha Syrian- 
Palestinian change cd d tod did not take place here (вл yet), but there 
is am interesting chango of а before nleph (when followed by oon- 
somani) bo a; this change seems шәә to hawa taken place in certain 
Hebrew dialects, and later om im Aramaje. "There is also n greater 
иба of tha ргойн vowel, in a fier words which do пей hate it in 
other Semjtio languages. 


THE Cone roms (MOREITOLÓGT) 


partis reveals а relatively early linguistic абада, vestipes of 
whieh nre barely discernible іп such languages ва ТН са! Hebrew 
which are modern in comparison. In the verb, tha раны aspect 
("tense") has а mominal, deseeiplive character, and із used сшейу 
for stativa verha: in Habzew iL сап bo used for any verb, We have 
it here in process of spreading: № Б nat yet gonerelized. The usual 
verbal forms is the form with prefixed personal element. Hore we 
have two Баян ienses, n marrative pretorite, and n proni The 
пагтай та preterite іл the mosi common, used to relata past events, 
amd probably had the form ерінін (уар "ho raised," and so 
on; by its side thers semis bo have bean m short preterite уаз 


with consecutive and emphatic fores used with ртос На cementa . _ 


lika [wa-] "and", fi- “indeed.” This proberíle is preserved in 
Hebrew ne the Uiniperfoth with waw consecutivo: as T 
painted out long before the Eas Shamra finda, thin waw-consecutive 


E ILL ү | ———— 1 


БАЯ ЕПАМПА-НАННН 497 


form in Hebrew із mob а рассШаг syntactic eonstruetinn which gives 
un барагы the force of à рын, tense, but is an псіші vestige of an 
eld preterita; the language of Ugurié supplies ibe гадыр link of 
this much discussed рталатаа са) peculiarity. 

The pressat also had Банн охин ВНИИ a hu emit 
wore difamat from those of the preterita, In addition bo dhe indica- 
tive, ending in [-u] (J-n] after long vowels), there wae û jussive with- 
out theas endings, and appamesüly a subjunciivo ending in [al 
There was Шаз ñm energetic formed by ihe suffix [amma] or the ike. 

The stema of tho verb are generally similar to thosa of Northwest 
Semitic. There Ши сошшош simple stem, known in Hebrew as 
Са], and an intensive (Hebrew Piel) with ehursetariatic doubling of 
the middle consonant ef the rest. Im tha санаа group there secta, 
sirangely enough, to have been two forma, a vestigial Afel (similar 
to Aramalo and to Hebrew НИЛ), asd а Бабы euch әз із known in 
Akkadian but mot іп West Semitic. АШ Шеве seem to hiva had their 
own inner passive forma, Jo addition there wos the Middle ("Inner 
Active") Nifal, with the maa borso ав im early Hebrew, ond a silar- 
ive-teciprocal atem with infixed «i, соғы ав doen not exist in Biblical 
Hebrew (where there is ú prefixed ¢ stem, the Hithpael) but appear 
in Moabita and in early Palestinian placenames (8 gs Pii] 
There шеге abo some rarer sama, cially those used with the weak 
roots (mach as Hebrew Рој).  Ug&ritic ibus does not show affinities 
with any one language, bud bas constructions which were preserved 
or developed hore and there by various related dinlorta. 

The weak verbal ганд, those with one or mom "weak" medical 
сопяопагия, conform cacy with what wa would expoci nt that 
stage of Northwest Semitic, The verba which in Biblical Hebrew 
end in the vowel-letter +h (8, g., "ЗА “be ascended'"), still pomem 
in Ugaritie their p авд i consonants (Чу for [alaya] "he асып од"), 
for since final short vowels had not yet been lest the y and w bevy 
not entered into diplibongs. 

In the nouns wo ave, ns we might agri generally tho same noun- 
(118888 пв in the other Semitic languages, ‘The case-endings are pre- 
served; nnd the таго Hobrew еліге ending 348) is now explained 
from Ugaritze, lor wa find it hore written with consonantal À (алтай 
"heavanwanl"), Тһе dual, restriebed in Inter Шайван to objects 
which eccar in natural pairs, is still used here in it^ grammatical force. 

The pronouns present dialectal und hlstorien] poimia of interest. 
Tha third person pronnuza am Eur, Куб, Али лғаны, Муан, bumatu?]: 
and we realizo that Phoenician Ami, Hebrew Мэнд, nre vestiges of в 
Wimsilam pattern. Tha usa ef the relative d “whioh” mooh ws in 
Arabic айымек bow general this was in Semitic, and sheds ight upon 
Ца цай im tho early Бука dialect of Phoenician, and in early Hebrew 

ша Аж 
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(n the form zw, m). M there seems io be 
none in carly Phosniczan and early Hebrew. 


BYHIAS AND LITERARY FORE 


The eyntax із similar із that of early Northwest Semitic, in spate 
of the ceniursea which intervene between Ugaritio and tho earliest 
Phoenician алый Hebrew material which we kawa for comparison, 
Word order i» much the залж, and із set in definite forma. In the 
ши шалт вписа tha verb precedes the subject, even after most 
шітегіне [жапа таяйып "uj "Moreover Db creed." But after certain 
adverbs the order inverted to auhpect-verb:. alan) Зарц tagiha] 
“Therewpon Shapsh cried out." There ін ама а special form gubjeet- 
objscteverh when the subject im im casus pezdens (іп apposition to 
the whole object-rerb sentence): Pus fmn іліге ША, HE nim “Tho 
hewrena—oil they mised: the streams—they flowed with honey." In 
fincas aenbemce-plyraaes dere аге forma of verb consecation іп 
whith the fire verb may bu in one made ын! the following ones іп 
andther: wa аға reminded af esrb ssnasutióm райға іп Найме 
and South Arabi. There is also am Фа [ina] (similar to the 
Aldcadian?t) which seems to hove в comjpanctire value between phrusen. 
The literary form of the poisis is typical Шеше. Tt mans largely 
En parallel coupleta—sets of two short lines, each saying mock tha 
same thing—with frequent intrusion of an independent line, especially 
introdectory lines mach as “Thos ва] x," The lines ave maenmanedi 
not br the mimber of аты in them (ая, suy, im classical verse], 
bet by the number of güresses (majorestrems syllables, ая im Hebrew 
and in English роу); this type of poetic measure H naturally 


of strapbra danza arranpersante —over авд abore Ња PSSA af 
the paralle]| євцрна. There has long been discussion ая ta kew 
much stanza-wrranpeznent there is im the Bible, рагінжіктіу іп the 
Peale, and im the Propheta, especially Tasiah II. Бану Gemnitic 
өріп poetry (6. g. Arabic) showa hardly amy atrophea, and many 
acholarn denied their existence in the Bible, while others insisted that 
ins безі nob but find Шала іп Hebrew робу amd recitative, The 
sirophis arrangementa which овраг hers and there im thé Uguritic 
Pend how that wo 8їнн not be surprised at similar constructions 
іп Hebrew, Іп general, the poetic touch bere is at times sümllar to the 
Hebrew, and offen we see the sama literary and even phraseological , 
backgrouzel as the Hebrew poets drew upon, witness the similarity 
to the В Мо бәресіШу dansê 1: $18.) of this sentence: halm tanë 
арата. бапа! ba'lu, talda rükibu "urapáti| "Indeed two sacrifice 
Baal hates, three (hates) the Rider of the Clonda." (na ін impressed 
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Аы Қара итали 06 ве Жа With all the politioal, 
вое, and cultural separation of tbe Hebrews from tho Canaanite 
world, they learned the langage of the Canaanita, and with it the 
culture of ita literary tradition. The literature of the Bible Fesla 
solidly on the rich background of Canaanite Нигалтта, amil the form 
іп which it bas come down to ua ін often much closer to the original 
thas wa had suspected. 

The other outstanding characteristie of the Гомо poems m the 
wealth of repetition and key phrases. ‘There are certain fixed paira 
of synonyma which recur frequently im special parta of the poema, 
or Marughow: tham: mmm амын "Ангар: and gracious"; dÀ 
Mtm P Ви АМ ы 
in the palus"; тра * 4 4 py * ж * “be gd oe 
he ағы" .. =n Some phrases recur se ая to seem Hke û 
refrain, giving m strophic character to that section of the poem; 
in other cases there are stock descriptions (е, ga, in supplication scenes, 


gives a Elomeric touch to the mythalogiesl poems. It is not amman 
in the Bible, perhaps because of the lack of epic poetry in it; and in 
the «pie ртов of the Bible we sea а diferent and perhapa more sopls- 

алай beasty im the simplicity and fenetional brevity of tha talliag, 
But this rich repetition of Ugaritio mast be an old featero of primitive 
postrr, amd is known elsewhere іп Баға Ша. 


MALATO HE THE ВЕРЕС FAMILY 


The Semitic family of languages m vaca uir ue 
carefully абыйны] al lnguisiüe егіні The cnbena of Их vangus 
divisions аға well dafinad, and it ls Чинбат indicative of how muh 
же Бато still bo learn ihai several varying opinions have been put 
forth ая to the place of the new-found language of Ugarit within the 
family. Samiti languages ате grouped together into Шинэ large di- 
visions: east, northwest, south. The eastern group, Akkadian, ia 
marked off from the other two by many historical developments of 
ila corn, bit it Һай certam specilie Айша with Салаа аа nmd Bauth 
Arabie, probably going back to proto-Seniti tires whin thes were 

іп ресін снам. The нушШатп grap includes North 
Arabie and Seath Arabie (with Ethiopic); those agree with the whale 
narthwesterm group in &everal ресін! respects, porticulariy im the 
development of the verbal syatem. 

The Mertdwest Gemide group includes the languages spoken in 
historical timeas іп Paleatine-Syria and, probably, tha regions ун 
вені вазі of Бупа. The calitat clear material of this stock which we 
baye comes from the north from dhe turn of the second millénnzum; 
ibis called Amorite, but thé exact charieter of the dialect 18: anknown. 
In Palestino and Syria, throughout ihe seco and first пі етіліп, 
there were spoken dialects which we call Cunaanite, We know pome 
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thing of the pre-Hebrew (South Canaanite) of south Palestina: it was 
different Prom the Phoenician of the same time, Later, the Hebrew 
peoples spread over Palestine and adopted South Camsanite; they 
bud at least two general dialects, а әман Hebrew (the official 
dialeri of Jerusalem) amd a northern Найгаж, Across the Jordan wa 
know of one dialet, Meabite, ell related to Hebrew. Мвап- 
while Phoonician, on the coast north of Palestina, was aleo Cannnnite, 
but different in several respects; it, too, hed severa] dialects, Of the 
Innguages of the far morthern coast of Syria wo had no infarmation 
Ш the Ras Sharma excavntions. 

During the beginning of the Grit millennium В, С, there appear 
from tbe north amd cast a new group of dialeeta, ala Northwest 
HE lê, buk different from ihe Canaanite. These ara the Aramais, 
which slowly replaced the Caneanite Фајда, 

In this mem of languages, what are the affinities of Ugazitio? ‘The 
affinitim of Ugaritic with Phoenician amd Hebrew are many. [n 
Ugaritie and Phoenician, Semitle 4 coalesced with 4; this took place 
іп Aramaic, Los, but not im Sowth Canaanite. In Ugeritic and 
Phoenicia and northern Hebrew the diphthongs ay amd am were 
аиарББай 40 1,4. In Ugariize and all Cunaanite dialects n had been 
regularly assimilated to following consonanta, and im Орање amd 
Biblical (southern) Hebrew n does not assimilate when it is tha third 
radical of в verb. Ugaritie and Phoenielam both replaced the verbal 
rook ním "bo give” with the secondarily formed variant yin. The 

is mach ibe same in ШІ, аз ü comparison between Ugnritie 
and Hebrew will readily show. Many pomonal names are tho aam: 
the rure name “Минь, which segara in Ras Shamra, appears again in 
a late Photaicinn inscription, Whole phrases are the sama: compare 
Пранце hhpk kaa sibl jlr At тарі "Indeed be will overturn tha 
throne of your rega; ha will break tha seenker of your ган" with the 
Шина identical phrase from the Phoonision Abiram imaeriptión, кэн 
centuries later, Шар Ме тр, Өр kr milk! 

With the Hohrew Bible thers ara ores of sumilnrities in special 
uses of words, іш phruscs, in turns of expression, It may males tö 
nate but ane or Lwes the use ol ka yds (literally "between the hada") 
in be mensa of “bork”, parallel to fp “shoulder,” thus explaining 
the snisundersieod kin pidiba "on your bask" of Zechariah 13: ё: 
Ú parallel т та vi pim түлі (Ps. 145: 18, ete.) tre 
шелі іп Ugari; gamie (Am А АМ Шө Бұта mum wu val 
bread from the tables; drink wine from tbe goblets" with Biblical 
phrases using the same warda! o. қ. Proverbs 9: 5, 

In determining the place of Ugaritie among Бега languages, a faw 
general criteria will servo to narrow tha field. Not enly does the 
general body of facts about garites place it in the Northwest Semitic. 


! Earls, Z- E. А Ge аг ta, соса largus, р, BL. 
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, but it alio exhibits à special change which ы реа бө that 

tha change of initial w= to y«* Within this group, Uguritic 
has certain feature peculiar to Cunaazite: the masculine plural in -m 
which it chores with Phoenician and Hebrew even against. Moabita, 
and against Aramaic, and mgminst most other Semitic languages; also 
many vocabulary features, such as den “eon” against Aramaic der, 
There are alus intersting affinities between Ugaritie asd Akkadian, 
and hatuwan Пратігіп amd Aramaic, espocidlly іп tha varbal system. 
The only way іс decide tha historic weight of all there affinities is to 
determine which are genetic, 1. с., dun to a primidive period of common 
development ns one language, and which are either old proto-Semitio 
features which bed spread to both languages of that time, or late 
ehanges which had spread from ome language to the other in 
historical times. The preterite, which Akksdisn and Ugaritic Бате in 
contradistinetbon to the others, is à probo-Semitie form, anos we. bare 
traced of iE in Hebrew ава Arabie. "Тайз use of the perfect is 
mialy an early stage of Ия development throughout West Semitic. 
The stem-aystem of the verb la of generally Northwest Semitic type, 
кайык than Akkadian. Tha changa of J to d hea na direct connection 
with the same change in Aramaic, for the batter did not begin till much 
Inter, The change of a to 4 шіге aleph. is alo ізі Їл Aramale, 
and, under different conditions, in Akkadian; but it ales took place 
in some northern Hebrew dialects, so that it may Бате been опе of 
thoss Inte lingaistie changes which apread across dialect and longuage 
bondans. Ce the ether Hamd, tha voeabolary end the bulk of 
linguiste facts noted above point to a genetic relation with the 
Canaanite group of Northwest Semte, It may be that the Amerite 
language wia very similar to Ugaritie, but we know vary little of it. 
In the present state of our knowledge, Ugaritic may beat be considered 
to be North Cunannite. 

Thus far the finds of Ras Shamra can take us А considerable 
literature Бая already grown around the culture and Inogunge of this 
single mound. But most of the mound H МШ untouched, and all 
presnt conclusiona mast ba held ал tentative. Tha coming Fears 
should bring іс light much additional information om the society of 
Ugarit and on ite language. 
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BLOOD-GROUPS AND RACK! 


By J. Мплот 
Profs ad Шы Sorbonne, Pania 


[t Бал been known Гог à сес time that there might exist diffeewnees 
£a the blood of animals of different species: Morphological dilferenesa 
connected with the shape and size of the red corpuscles, ог chemical 
differences relating to variations in the respiratory pigment, called 
haemoglobin. It was also koren that individual differences, acquired 
during life, might appear im the blood: As а mauli of illness, for in- 
stance, certain properties of the blood might be permanently modified 
by the formation asd accumvelation of antibedies At the beginning 
of this century it wee discovered that beside these variations of a 
Бо са! or accidents] nature, human blood possesses hereditary 
conalitetional differences of ап individual and racial importance. 
The study of these, and especially of thelr anthropological applica- 
tion, has advanced considerably; at the present momant 16 almost 
forms an independent branch of science. Tha inveatigetions bearing 
on it are іп be counted by thousands, and several scientific poriodinals 
ага now exclusively devoted to it, 

What are these blood-differences amd how were they discovered? 
Their history ja closely associato with blood-transiusica. 

Blood is known to consist of в large Бшийнг of small corpuscles 
in raspension im в. liquid, the plasma. Тһе eorpeselas ara of two sorts, 
white (ealled leucoeytes) amd red (called erythrocytes) which are 
much mors numerous, Two constituents may ale» be distinguished 
in the plasma: A liquid (serum) сопы нр essentially af а 7-parcant 
solution of galt water, and albumincé] euhatancea im solution, most 
of which are precipitated if the blood flaws out from the organiari, 
producing the well-known phenomenon of coagulation. Under nor- 
mal conditions the red corpuscles float freely in the plasma, without 
adhering to each miber; but under certain conditions adhurence occurs 
amd the erythrocytes collect together in bunches, producing the 
phenomenon of agglutination. This тев! ғап happen both in miio, 
Атайын by û. 0. 8. Сале фп, «Зон ai! À allay, mk тиын D Banh Prel о [hutan lot 
тыпыр iba riche amd correciher pores Lgl irre of alton. Paprinied br emam Bum 
As, ч. B. пе. dl, Tarika НО 

Bod 
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that ia to ваў, іш blood that iá kept im glass vessels, and їл piso, im a 
living organism; bet their circelation is seriously Ішрейеі шиі тагт 
grave accidents may Le produced. | 

The idea ef bhloed-tranafusion, of injecting foreign blood into a 
subject шеккені hy excessive bleeding, is not m new one; we know 
of undowbted instances occurring аз early as the filtesnth century: 
That of Pope ынны ТІП, for exemple. Tho naula of these carly 
transfusions, made mostly with the blood of heifers or lambs, wara 
во disasirous that in the метанмен cemtury the operation was 
mada Шаға) by ып ксі of parliament passed in Рана. Tho салы 
of these failures was partly discovered in 1874, whan Landais showed 
thai the serum ef an azimal of one species agglutinates the red cor- 
pusles of animals of other species; that ia to жау, that if one mixes 
the blood of two animala of different apesies, there ensues a general 
chomping of their serpel: That has been called betero-egelutina= 
tion. At that dala if wea thonghé thet aggluiination only took place 
between the hloods of different species. Accordingly: transfusions 
were then ком agam іші only with human blood: the resulta wore 
gerd in certain сана but still disastrous im others. That was dhe 
Habe of а атга when, baat 1900, several doctors observed fertultoualy 
that the serum of certain slek people agglutinated the red corpuscles 
М. Bealthy patienta. This phenomenon, which was called isc-azglu- 
lünalicn, was аё first regarded as indicating а ра са! condition: 
but researches word continued and Landsteiner proved that, when 
tha blood of two perfectly healthy people was mixed, agglutination 
was produced or not. ыг ир to the patients wha were the subject 
of the experiment. Не совифойьй fron his erparimenis, on ike ana 
hand that ist-agglutination can exist in а normal buman being, on 
the other hand that the isc-apglutinating properties are not the same 
in all keman beings, amd that these should, from this point of view, 
ba divided ino several categories or groups. That is the double аы. 
covery of fundamental importance for wich Landeteimsr was awarded 
the Nobel prize—a discovery whose origin ін to be found in the great 
volume nf research davoted for a quarter of a century te tho serological 
properties of the blood. 

How should the facts brought to light by Landsteinor be intar- 
preted? ‘The simplest éxplanabinn, жәні the ono most usually givon at 
the present momant, is that isc-arzlutination results from the recip- 
тога] alos of two kinds of substances whose chemical nature, hom- 
ever, romains eomplately unknown; the one called agglutinogen ій 
contained in the red corpuscles, the other, or agglutinin, in in tha serum. 
Anal yeis has shows that there are at least two diferent agglutinogens, 
conventionally called А and B! and capable of being present ін the 


À Ta са бабтан айт улаа à ! 
шав Засан йн, org ara. paz илр Па бий аат ure grips ав Kasqa. 
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aed corpuscles either singly (A or Б) ағ together (АВ), or not a£ all 


(0); certain individuals therefore have only A, and әлдімен have B, 
and others both agglutinogers; while vel others are totally дотор оѓ 
dither, Ji la Ші which is described somewhat inaccurately (bui 
whieh aga found its way inis sejentifie рағінпге) вм ihe existenes in 
the himas species of four bloxd-<groups—group A, group J, group 218, 
and group 0, this Таа con&aieing ваг A nar Б. 

To the agebotinegena of the oorpesclea ecrrespond agglutinins in 
tha кетип. which are distingsished by the Greek letters a (or anti-A) 
ami 8 (ог ani). The same blood never posseasem agglutinins active 
іп the primes ef thar opposites: ór in other wards, thé serum ûf 8 
given individual rever agglutinate Ия own corpuascles—a reali which 

in [nci would make circuledben, and corsequently Ше, impossible, 
Алматай the serum of bloods belonging to group А seulsina, ын 
agglutinin a which agglutinntes Л, but agglutinin ñ; and H ks the sorum 
od group Я which спала Вера а. Тін group АВ, роваваяог 
of two адшиВворєга, eam never have agglatinina, whilat ртеар 0 
pm at the seme time both a amd A. Froni thi» it follows that 
the complete formulas of the blood-groupe are АВ, Fa, ABO, бый, 
This туун Талын ia the nama usually adapted, but two others, those 
of Jamaky and Мова, аго also іш ase," 

Н one brings together the blood of iwo people belonging to the sume 
group thers is no résult—the blood mixes normally, If om the other 
hend ome brings together blood samples from groapa vl and B, а will 
гавс4 With Л, 8 with В, and agghatination will ensue." 

In the light of ihesa facts mü caw know how la practice trzamadusion 
withoul. risk of wecident; it ве өзар to establish to which group the 
patient belongs, and to obtain the blood from a donor bilorqing to the 
sanus group ав himself. Nothing is easier, for in tho big towne there 
[ката enne ipto existence specialized institutes whence, by telephoning, 
one can immediately obtain a "donor" of the required type. In actual 
fect, the aggiutining ата only &civa when comcontrated, and Шинж ûl 
the donor, diluted in the blood of the receiver, appear practically with- 
out effect; 16 resulta thai ons саа always traniluse blood of group 0 
{universal donor) into a wounded patient, whatewar hia group, withont 
яаг төв: алй that, conversely, a eabject of group AB can receive 
Without harm amy blood whatever (universal recciver). 

Human beings, therefor, are divided into laur телара, according 
to the serelopica] properties of their blood. "Thee proliminary 
explanaliona having been given, bet us кей what main characteristics 


ага revealed by the reactions of agglutinatión; after which we will 
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consider the applications of the resulta to different wabjecta, particu" 
larly thoes of аш nalure- 

Ti жа Fugd&mental fast that bleed properties have в remarkable 
permazence Their individes! stability may even be regarded аа 
abeclute; в man never changes bis group under any circumstances 
Thiar Wo already have observations covering 25 уваги, and wa 
know that age eror modifies the тексМоса, Бог dope any physiological 
condition. Шова has na effect, nor have treatments of the most 
varied kind, in spite of what may have been sud to the eontrary. 
X-rays, like ibose of radium, or repeated anacsthesis, produce no 
affect. Lastly, ibe group із noi changed even alice ë éiranalusen 
from the blood of anciber group; amd the саза ін actually recorded of 
ап of group АВ (universal receiver) having undergone 75 brans- 
Jadon with blood trees each of the four groups without wulfernng any 
modification ad kia owe blasd. 

А second charweteristbe of blood properties is the precocious 
manner in which they are differentiated. The sgglutinogens appear 
bsfarétheapgplutimima, "Thay arasamatimes disesverahln in tha БА 
month of embrremio а. One can ін any case almaya бекі them 
during the [sË weeks preceding birth, and кө plainly that EL is alwaya 
posible, mormally, to know to what group а new-born child belongs. 

If blood properties are rad amd precocious, they do noi manifest 
the same degree of strength im all subjecta. Applutmnims, like agglua- 
шақтағы, differ in strength according to individuals, ғаға, amd apa, Tt 
bas bian recorded, for example, that the power of agglutinins, alwnys 
vay wek of birth, increased up io 30 years of aga, іс бешене after 
40; and that ii mha greater amongst Malaya than amongst Europoans. 

Ты fact of belonging Ёс a given group ü à berediiary character: 
ime. JÊ would be impossible here із give етеп а rapid outline of the 
mechaniem of heredity. What is (inl is to know that in a ehild 
no agglutinogen сап appear whioh m поё preaent in the blood of one 
or other of ita parenie. If tha father and mother belong to prop АЛ, 
all Шы children muy helene to group A: if they Belong te томар 0, 
all the children will belong to group ©; if the parents do mot belong 
із the ашпа  теар-1, for өхишүрї, dne їй and the ether B—the 
children will differ and be A, Jf, АВ, or O^ Recognition of these 
facta has resulted in curious applications of Шина. Ті han made it 
possible, for instama, i» restore do their respective mothers newly 
barn infants which had been mixed up immediately after birth. Akava 
all it bas been used іш medicolegal praction to investigate paternity, 

Atiempls һата been пада фо establish à connection between blood 
properties end other morphological or physiological characters of the 
411 кыт Бе айы] mi кетсен із Bennen TE шй Parder EOD Poza crease inserit ва} са pas, 
mere титар Ki ee 
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дңғатікеті, атин na statuere, ац arpa, pigmentation, hak, age of onset 
of puberty, ote, АП these attempts appear to hove failed, the differ- 
end correladions announced having all been more or less falaified by 
the results, in the light of more extended observations. Thos, it had 
been stated that in Sweden the majerity of group 8 subjects were 
hrachyeaphalis; bat this has not been generally established, and ii 
may ba regarded ая a mere coincidenes. Some doctors believed they 
could detect a relationship between the serological proportia of blood 
asd the Gehibty to certain валы Ша, such ай infections fevers, canoer, 
ete, Victima of tuberculoais, for imatanes, belonged moat frequently 
to group A, whilsi members of group Л suffered from a noticeable 
weakness of the nervous system, and amongst ча. paychosëéa were 
more often observed and criminal most common, But existing obsar- 
vations аге not nearly numerous enough іс pestify such conclusions. 

Lastly there is the important belief thet the reactions of isc-aggla- 
timation аға mat peculiar to the haman ярөнөв, They have been 
found in several other mammals. In most they appear to be much 
weaker нені less conadamt Uban in man, авд із rezilê from different 
арилга ваа: on the other hand, human ngglutinogens and agglur 
tinins aro also found ің the anibropold apes, gorilas, 
erang-utange and gibbons. ТЬ follows that one exali transhase the 
hland of в chimpanzes into a man of the sme group without Ш 
effect, whilst tranafusion of human group B bloc would have serious 
iiio table. 

These few general observations are enough to demonstrate the 
erent interest, from many polnia of view, of agglutinativo ph sia йа 
and the rosenrobes which ihor have шараа... Wa aballnéxigeé ҺЫ 
a knowledge of this eubjeet is of the greatest importance for anthro 
polngists, and that the fact of belonging to а given groups fact, na 
wa hare sen , independent of ngo, sex, and every other physi 
eondition—taama, en the other hand, to be в very definite function 
ol гала, 

1% had been nodieed ever since tha fist investigations, that the 
proportions of the different groups maintained в remarkable сой- 
siuncy im в given population, amengat the Germans or the Italians, 
lor instance. Ёл the suggestion (due to ММ. L. and H. Вітае) 
that there might be ú relation between the anthropological content 
and the distribution of agglutinogens was not put forward until later. 
Being attached during the war to the medical aervice of the Army af 
ihe East, these hiokogista had opportunities of examining the serolog- 
ical properties of the blood of а large number of soldiers or civilians 
belonging to very differen& races. They сл ны three catagories: 
Ота marked by n high percentage of subjects of group A and a low 
percentage of Л, and including the majority of European races (Euro- 
рғап type); а аваад sbowing om the contrary а high percentage of 
B and á kw one of A, compriing Mongeleids nad Ethiopians (Авїо- 
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African type); amd a lust category containing approximately equal 
Pini И d аш! Р soo, дэг ҚР DEM йт 
Üntermediate type}. ‘This diseswapy, published im 1910, gave rise to 
s considerabla nember of investigations, producimg an enormous minas 
of documents of varying merit, and emphasised the groat othnological 
interest of blood groupe. Tt would need many pages ёо give & com. 
plete assum ef tha maulin, and we must therefore confines ourselves 
baza bo describing ú few of the essential features. 

Hirszfeld thought he could conveniently synthesize these features 
by calculating for seh race à "biochemical index," obtained by 
dividing the percentage of A by the percentage of В, that В do say, 


by establishing tha proportionate fraction ВА Tf out af 100 
jects of a race one found 40.4, 10 B, and 5 AB, the index would 
T 15.13. Tha biochemical index for the European type thus 


fell between 2.5 and 4.5, the index of the Asio-Africen type between 
AE зі 1.1, and ibe index of the intermediate type between 1.3 and 1.8. 
Tha index has bean much used. Bet the moat recent resenrchos 
have shows, on the ono hand that ihe sero-ethuie types cotablished 
by Нені wore nod охал! enough, on the other that tha biochenical 
index was open bo eure єг са: in actual feet, all тағам In which the 
ef Аш тұшы to that В, whatever might be their ibaa btn 
тайпа, would hare a ааг leder, equal ta Г, whatever the nember of 
the Ge or of the As, which is obrincaly unsatznctory. 
Малу other formulae have born proposed to replnon that of Hirit- 
fold, but without effing any clear advantages over H. Оа the other 
hand successful шав has bean made of table, which Іште proved most 


inslructive 

The ا‎ oí вий. tables ший un, following Ottenberg, 
ta distinguish в certain mumber of quite well marked semi-ethnis Бурна, 
One such ін remarkable for its extreme poverty in both A and Л, that із 
io say it Биг almost exclusively only the subject of group 0. Tb 
оиншрпиня ibe American Indinns, the Filipanos, and most of the 
Eskimòs of puro race; it is called the Anserico-Pacilic typo. 

A зон Әуре, adjacent, rather dafickant іп P, bet richer in A, ix 
represented by tha Australians (Australian type), A third, again poor 
in H, but very rich in АЛ, інім all western European type. А 
fourth type ін marked hy а moderate propertion ef А and В, ааа 
шайга tho Negroc Melanesians, southem Asintics 
Тауыш) amd i called the Afro-Mnalar or Afro-south-Asintic type. 


A fifth, embracing the Near Enstersa (Turks, Periana, Armenians, | 


Arabs) ва well ña Flussians and Czechs, ha а moderate proportion of 
Bend а hêgh percentage of А (intermediate type}. A sixth hus а very 
high proportion af A with а conaidorzhle best lower proportion of B; 
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called Hunan, altar tha mama of the Chinese prorinss it meludes, 
besides thet region, the Japanese, а рагі of the Korani, and in 
Europe the Polos, Ukrainian and Hungaris. Lastly. n seventh typos, 
peor in A, but the richest of all in В, comprises all the Hindus, the 
Беті Chien, tha Manchuriars, and in Europe the Gipsies dndi- 
Manchurian type). 

Boch in outline ia the за ны elassifieakión of recs according pa tha 
sarclogies! properties of their blood. Some anthropologiia have 
criticised it severely, going even so far us to deny thot blood-greaps 
have any ethnological value пі all, They claim that from û study of 
it ona enn deduea no valid &nzument bearing om ibn relationship of 
races, They point cut, for instance, that Hindus azad Europeans 
heve wholly dissimilar blood, whereas there ата good reasons for 
sapposing that both ата бокс дад from ñ common stock; on the other 
band, the Lappa, whe are of Asiatic origin and very different fross the 
Norwegians, ure made бо belong with them tò the European type. 
Thay nrgue also thot Jews occur in almost all the categories, яа much 
amongst Aíro-Mnlays na in Eumpe (German Jews), amongst the 
Intermediate: (Spanish Jews) of amongst those of the Hunan type 
(Romanian Jews nnd Jews of Beirut) These objections have very 
litte weight. It Ë now agreed thot Hindus nnd Exropeans aro mach 
less closely conmeched than was formerly supposed, ов tha strength 
ef Hnguistic evidence wrongly interpreted. The Lappa bawo vory 
irregular blood-formalas, ond they are sufficiently intermaurried with 
their Beandisnvinm neighbors to make № not at all surprising that 
their original Мәз ahpald bara been modified and now approximates 
to that of Europeans, Finally, we may now regard 1% as certain that 
the Jews do not conzliblute а trus race, but à grenp ef сарагаши ин 
which ure etknicallr distinct end united primarily by а common bond 
of religion. It may ін ndded that if Grove, for instance, found very 
diferent bled formulas amongst the diferent Aina tribes, that wi 
Боза ha did net guard sufBeiently úga6insi sources of error (oon- 
sanguinity), which invalidate his statistics. 

(n the other hasd, many accurate obesrrationa, аз Snyder bes 
armpbaaired, confirm the real ethnic valos of the reactions of aggluti- 
nation, and show that populations of different blood саз live sida by 
aide for centuries in the same country without their serelogioal prof- 
erties undergoing amy modifieation, if iere is no intermarriage. “Thus 
the index of the Japanese and thai of tho Aimes js very different, 
although бева two races have been neighbors in Japan for several 
millennis. ‘The facta are particularly striking in the United States; the 
гов great races which have lived there on the same territory for 300 
years atl] гойо widely different indioes—the Indiana having ome of 
0.5; the whites, 2-6; and tbe blacks 14. Hungary provides another 
choice example, because in that country are brought together colonies 
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Which are этии. тегу pa iege осш iho анин: 
Сара, probably of Hindu origin; amd Germans of а date before the 
iji hih, esntuyy— оду ol бийг Мен chews, In the ши 
рове fashion, that tho Germans of Hungary react like those of 
Garmany, whilst tha Справе are of the sume trpe as the Hindus, and 
thet the Hengeriens come eloss to tha Turks—resslta agreeing entirely 
With whei we know from other source 

We may conclude that blood properties provide us with a genuinely 
valushle means of revealing the perity of a race, and that thay отго 
their importance to the fect that they аге at once strictly hereditary 
and as indepondest нь posuble of environmental influences, 

Сайып я Вата ропа further and tried Lo өхгь 8 from. 
serology information about the origin of races, ‘The first theory of this 
kind {а that of Hirexfeld, who wee struck by obearving that, as one 
pass from walam Europe to авіа Asia, the proportion of А 
dimirssbes and that of B increases. ‘The faetisimdispntakla A раз 
from 45 percent amongst the Norwegians to 27 amongst the Maychus. 
In the pasa of Е, the change is particulare striking. (lma meelzin turn 
with 12 to 14 percent in western Europe; 20 to 23 percent in tha 
sikana; 25 percent im iha Turks and Arabe; 34 to 48 percent 
amongst tha Indo-Chimeae; Chinese and Hinde. Нїтах 14 thought 
that irom these facts he ска infer a dual origin for the human Fadi. 
There would have өзініні, according to Ма ideas, two human stocks, 
ana bering group A in its Моод and eoming from northern and western 
Еторе, the other, with group Л, coming from the east, perhaps from. 
Indis, The two stocks having mingled in the regions where they cama 
in contact would have given birth to an intermediate type; the H 
lemên Батаар, for instenoe, been introdecsd inte Europe with tha 
different oriental and Mongol invasions, This view is entirely hypo- 
Шайа! And while most anthropologists at the moment believe that 
the agglutinogen А amd B may well have come inte existence sepa- 
rately and із different regions ef the earth, they will по! admit a dual 
origin for the human rase. Ti ia known, in Ізгі, Фан entirely new 
morphological, physiplogizal, or chemical characteristics may, in eon 
formity with the laws of heredity, appear quito suddenly in a species. 
Tha phenossenem m called mutation, and mumerous instance: hara 
been recorded im animal breeding According to Бат and 
Snyder, the aerological properties of tho blood might thus have ap- 
peared 08 a nutation, and the human species ba derived from в single 
seen which originally lacked both agglitinogens and agelutinina, 
One of the principal arguments in favor of this view із that the living 


гаргав of Tus regurded as pare, but on the way iosviimcióon, , 


hara group © either exclusively or a& least dominant. Thus бн af 
112 Матаса examined by Rife, 111 belonged to group 0 amd only 
1 to group А. Ii would aam then that we may regard this group 
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O нь primitive. Starting with this primary human blood, there would 
hare become diffarentiated the agglutinogen А in Europe, then thé 
кегінітерет В їп Asia: doubtless there would alao have been a supple 
mentary mutation of À in the Far Базі, responsible jor the Donan 
group. The supposition thal group А is older than group В mata ов 
the fact that tharo are several races, sach ая the Australians, who have 
group A but not group B, whilst none are known to have group B 
without group А. Аввонд ар to this view, the fact that рыта Ый 
Із Шана arè all of group O would prove that they became separated 
from the Mongolian peoples before the appearamce of алу blond 
mutation; and the fact that group А but not group # occura amongal 
the Australians would be evidence of their having been isolated from 
their stock during the period that elapsed batween the two mutations, 

"These views are strongly in favor at the moment. Prof. 4, B. 8, 
Haldane expownded them eloquently in a discourse before the Royal 
Institution some years ago" We meat, however, Ince the fact that 
they are largely hypothetical, and personally I бап hardly admit 
them. Why, for inatanee, should the Senegalean have 18 percent of 
Е, when they do noi appear to have any trace of Mongolian ad- 
mixture? Опе is driven ia asume an independent mutation of B im 
Africas, which morely complicates matters. But above ай the fact 
that human agglutinins and aggluiinogess are found amongal ы 

i apes teema to us to have а very important bearing ов the 
problem, and to ahow is tha elanrest. possible way that blood-groups 
have existe] for n тегу bong tine indeed. ‘Their recent sinvaltancou 
origin in monkeys amd men i, & fact, нэн improbable; is 18 nod more 
natural io карровь that the common ancestors пітеміу posed 
agglutinogens? Wo will confine ourselves to saying, finally, that af û 
character can appear by mutation, it can also disappear by the same 
prosess: and it ahould ha remembered that the majority of the ший 
tions observed іп the course of nnimal-breeding are regressive, and 
consist im the loss of & structure or of a differentintion, sot im the 
appearance of a new character. Ta i£ not more satisfactory to regard 
tha Redakins, for example, ав Mongoloids who have lost agglutinogen 
В than to suppose that they left Asis before the appearance of sha 
пий? 

We may conclode that, while the study of the resection of ngglu- 
tination may not be able of itl! ta salve any anthropological prob- 
lem, and wila no complete racial classifientien can be founded upon 
it кө thet up № а point it шау hove betrayed the somewhat fnntastic 
expectations aroused at the start, yet 1% doia provide шашпа of Ap- 
priisensent which are of great interest, complementing and checking 
those derived from other sources, No serious anthropological Inquiry 
сап in future dispenae with it. 

V ad тыш ee, Кп 1. 
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Lei us stale, im conclusion, that the agglutinadiva properties ага 
not peeuliar бо the blood. Thay ага found precisely the same in the 
different secretisss—eilk, Анта, раа juice, bile, sperm; they are 
етеп found іп ibe minced Шетпе. They аге а constitutional Tentera 
of the whole organism. They are obialned from the blood merely 
because they are caster to dotect thera, 

Nore.—Tha following articles in Engliah deal with the game 
subject: 

1. Presbrtorr іп dier Light of Genelia a discourses delivered кі ihe Науа! To= 
ийш эл oa Friday, February 20, 1881, . a misi in Tha Пери cf Min, nel 
other saye, by J, В, Ë, Паја pp. &i-T7 hilat gropa, рр. 03-70), London, 
Chanin and УЛгана. 1427. 

2. Eira wee Phyzbumeeny of Dreltish Сөзі Camia! Indiana, Бу 
Fi. Ниша Gata and Секе Е. Darby. Joure, Ноу, Axibzvp. ls, 1684, vel. é, 
pp. 23=44. 

2. Eikin ВЬь Огоөраалд Phyelegaceny, Бу TL Поре баі. Man, 1025, 
Мо, 36. 

4. Gabe, Heredity in Man, сарыг 6, (хулан, London 

B. The Тэ ни ов od thy Dasapura, by ASen Davia, Social. Бет, 1983, 
той. Z7; Таацагу, рр. 13-88, April, рр. 188-200 (wits Ши of bonis «Не. 

É Ты Relation of Шым. eri pa ia Tara and Rome Parilculara сё tho &zctherest 
4-а Даз 1. T. Шыг. Jum. Нар. Amthrop. Inst, 1985, vol 85, рр. 
123-81. 
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EARLY CHINESE CULTURES AND THEIR DEVELOPMENT: 
A NEW WORKING-HY POTHESIS! 


Нұ Weir Ene 


In regard to the origin and гпапњег of growth of the Chinese 
civillzation, numerous theories have been propounded, by ethnole 
peta са the апа hand, by snologista on the other. Nana of tham, 
hoover, DL squat be admitted, has mo fnr met with much Га im 
either camp. 

Ethnologieta із general hestitate to commit themselves im regard to 
any of the higher civilizations; for without a tboroughgving fansiliarity 
with its Jangasge and Ия өшіге literatura, they find ii most dificult 
te form any aeearate jodpment aboutit, Unfortunately, tha majarity 
of workers in auch a fleld nre obliged to shape their opinions at second 
haad, through the medium of such translations вя may bo атада. 
They therefore incur tha danger of basing their conelasons on faulty 
renderings by ihe tramslator&. Hones, owen the latest works treating 
ef China from the ethnological point of view, although they offen 
contain matter of the highest interest, are certain to be regarded by 
the einobegiate na standing in need. of further corroboration, Іп their 
adoption of this attitude they are thoroughly justified, and for se 
doing we owe them warm thanks; since it is only 68 we are atimulated 
hy their criticems that we can hope to make аду progress at all. 

Om the other band, there are the theories advanced by the sinologists 
theives. These we may range іп twa major groupa. Of these, 
ome holds that about tha third millennium В. С. a Western people 
with great natural abilities and а high typo of culture migrated te 
Chinn and seiiled there, Gratin the valley of the Wei Hiver and then 
in that of the Huang Ho (the Yellow River). From these regions 
they gradually spread their civilization among thelr more backward 

ighbors, авд зо created the germ of the later China. 

"The second of the two typos of views maintained by Ше sinolagists 
holds the Chinese to be astechthoneus, and their civilization in con- 
sequence to have bean developed independently in China itself, with- 
өші any foreign aid of importance. According to this: theory, tho 


* primitive Chinese shaped their culture Мамыт and then were 
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able, through natural imcrezae im numbers and by а process of abeorp- 
tiem, to spread it gradually over the whole of what ін today the 
Chinese area. 

Elknalognuta biva baked with distrust on both the lather groupa 
of theories, and these have indeed ben unable to find ишү real support. 
Everything that we know about the way ln which civilizations have 
grown up in olber parts of the world forbids aa to believe that in 
(Chime alema the process of culture-bualding wie Bš een pli йе s irnplied 
by either of the two abore views. Moreover, the books written by 
(herr axbvocadam wed gîro thelr readers the impression that tha 
Chines civilisation of tha агаад and Art millanmiuma before cur 
аға hed already acquired а &niformity of ëharweter іп Eo way cksen- 
tially diferak from thaé which it hea today, From this belief haa 
aprig the sirange notion that the Chineis civilmation displays a 
stahility uncxamplnd elsewhere, and with a total lack of any tendency 
боған! evolutionary changi. 

Now, to the trained athnologist who travels through tha intarior of 
China it quickly becomes apparemt that there exist ab the present 
day in thet coumiry, offen orea im quite small areas, very great 
diffemenees im culture. Such differences ean only be explained by the 
жағшпрёіхна that this or that regzon has held fast with varyi 
of conservetem bo its com ancient customs and individual рыбе аа ея. 
Thee: obviously po back to very old зан! culiere. Tha ladder must 
have bean even moro strongly marked 2,000 or 8,000 years apo than 
is the cass today! 

Hera &t the ouest we must mesognira clearly thet the mnalogusta 
who maintain either af tha two above-mentioned theories hare acted 
«6 the Mieke principles that bs, they. hawa made indiscriminate use 
of all statements in the Chines iterators which bear іп any way 
upon cultural development, without first comidering to what par. 
ticular part ed Chima any given statement may refer. Now, nearly 
every тэг passage ғана expliciti the place of whieh it арвай: 
such information has not во far been taken into account. Yet 1 
ТОВ whai thes го ba зар Tor, &tatements of this sor$ ата the very 
first to which attention should be paid. The sama amplia with equal 
force to the study of linguistics, ТЬе still youilsful sedence of Chinese 
phikslsgy haa tried to reconstruct the pronumciatian of Old and 
Middle Chinese. In во deing, howerar, it haa tachiy memmed that 
Чилийн the country a given character was procoumced іп the anme 
war али] has passed through а precisely similar course of development, 
Yet in opposition to this quite unwarranted ii pin nre tha facta 


ibat етеп of the present day the Chinese spoken in various parta of - 


P бырт Lois кытыйк off ладнай Їнэ! tiers, гараар qorpa, ісіну. su МАЛ. Eberhard: tha te 
mismo! алашты Гын len! тъ аты (fae Өгий Нм аагтай mari icin Loka zarî, Алан 
Ялаа, vel P, ШИТ. 


EARLY CHINESE ІГІЛІГНЕЗ--ЕВЕЕННАНТ) 515 


tke country is nronouneed im very different тауа; and that, Moreover, 
йе oM. анхан gire kar Зав ol нэг айн Кана, I need 
only mention bere, by way of illsstration, the word cfd, Мей, от Аи, 
бета im modem Chinese “pass”, "rave", or “hill”, but which 
goes back originally to mm old word belonging to the Coast Culture 
(tho latter we shall discuss at some length later on)! and whieh there 
had the meaning of "market place.” The distribetion of those 
place names іп which this word forms an eleznent ia вота Шал. nar- 
Tüwiy rostricted; reference іс the Ch'um-cl'u and the Tirochuan 
ahows that it appears only in a region where the Const Culture паву 
be supposed to Бате exerted influence, Another word belonging № 
the same culture group appeara Ёо ba lang, meaning "youth," "man." 
А werd of the Southern Culture seama to ba уйл, common im titles 
and often signifying somedhing like "leader." The study of such 
dialect-words has ma Таг only just been begun by n very law аш а, 
but haa not yet been carried to а definite eomelasion,* 


PAEI 1 


In my investigniions I have begun te include the use of such sources 
of information as those Just mentioned. Thoss from the moat diffar- 
emt periods most be employed. The teak la still in Ия infancy. Мо 
ond man can hope to carry it out successfully; for it involves nothing 
lesa than the саты ы reexamination of the entire body ed the Chinese 
ІНегііште, mri, and all other qubltaral phenomena. For the present, 
only brief reference will be made to the results already attained, amd 

a working will be кей forth which арргага to me to menni 
wel with both the historia] and the areheclogies] evidence thea Таг 
available. In this hypothesis there will be no effort to go back іс any 
цав bBaginninga or even to the origins of the Basse cultures іт" 
volved, bat only to a eultaral stage already “late” in the ethnological 
иша and which, historically speaking, covers roughly the period 


Tha theory that the Chinese civilization was single in ita origin ean 
no Longer ba mpheld. Since етеп today, after в development exiand- 
ing over 2,000 узата, there may still be recognized several mare or 
less distinet local eultumas, the latter ший! also have been presemt іп 
times earber still, "Through their internotion it waa that the civiliza- 
ten. which we know ая Chinese assunsed form. Tha fixing of the 
territorial limits шый the distinguishing characteristics of thea local 
cultures із consequently one of ihe meat important tacks іг the whole 
field of Chinese ethnology. 

ПШ аш кишин (ы кын чый кыт coy йы Син i ni ОИ 


ылы Case па (x patct асын DE iil jit ion 
111 йв ks Ба bapi dial Cre ай саг қармай гар пайды Round La a ПШ iT 12 marie. 


1, Waray, I think, distinguish tbe following local cultures. In the 
frat place comes в Northern Culture) This extended, within the 
tegian which we mrw call China Gia exbenzren aubable that Arki зєв 
shall not consider here, since for that purpose the Chinese ayarces are 
inwafficient), over the present province of Hope, погШига and mat- 
аға Shansi, and northern Shantung ая far as a line passing somewhere 
ear нв sacred mountain of Tai Shan. 


Tenan 1г-ярриллын EEL Oi Hai дыша (ho гін шш. Xx Ti 101 





That ibis eubtere may well have been proto-Tuzgusic, ethnically 
speaking, several indications unite to suggest, Among thee ін its 
Potion of а form of shamanism, practiced by magicians or medi- 
einamen whe during the liter pari of the fimt millenium В. C. 
played an especially noteworthy рат. Significant also im thie esn- 
nection ie that vrengratien of the bear which sometimes appears, Bo 
foo ін the oecurreses om the Shang (Yin) Dynasty oracke-hones of 8 


1 The bere eed Bara Da. Caley: eek НЫ hinan diri сай шгүн new асрын ва porelT ығына гелін 
ЕНОТ, d banki ргүйн no гаслан ste Eg a лан EI hain ла | 
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certain Tolknama of a neighboring people who, under tha form Jurjes, 
am perhaps to be Мен од as the ancestors af tha Liter Manchus. 
It in роге, perhaps even probable, that thia Northam Culture, 
for ай Ня proto-Tunguslo characteristics, contained в strong Palas- 
anti element also. Excavationa on Neolithic site: im morthem 
China show that the New Stone Age population of thet area, insofar 
ая it posssssod this particular type of cultar, lived in pit dwellings 
about a man's height in depth nnd with thelr бора reaching only а 
little way above ground. These people, moreveer, made use even in 
for later times of bone штук points. For clothing they must origi- 
пау have employed fur garments, Further, this санте bad myths 
aboot the fox in which ibat animal playa the role both of a *trickstar" 
and ef а semidivine being. Noteworthy also was the great freedom 
permitted to women. This reached such в degree, indeed, that it is 
possible te speak of something is tha nature ef n matrisrehate; thara 
amma likewise to have existed п. custom of garsi prostitution like that 
found today wmong certain Siberian tribe. Among the myths ba- 
longing Lo thie culture may Ань ba that of tha ахрааша of the hero 
while зїй ав infant aral his protection by various beasts (Hou Ch'i 
myth) In regard to this Inst attribution, however, I am not entirely 
satisfied: for hers antara the question of borrowings froz the Western 
Culture (to be discussed below), minca this particular type of myth 
displays in many of Ия detail distinet solar elements. Hoad flatten- 
img seems also to have been practised, at baat ocenaiczally, although 
whether it wu really а characteristic trib ін not sure. Traces of it 
nppear, however, even today, in noribern China; for there, longheaded 
children are regarded ая ugly and а child's head ia therefore kept in в 
eushioned ring whieh probably causea w certain amount of hend da- 
formation. Whether the dead ware disposed of by miasa of platform 
burial ia also uneertaim. This Northam Culture waa in iia primitive 
form quite devoid of anything in the way of agriculture, and ін aecord- 
ingly to be reckoned among the higher types of hunting and lood- 


gaihenng. 

3. West of the preceding was what wa shall term here the Wester 
Cultura, Мапу things sbowt this unite to indicate that ita possessor 
жаға people of "Танаа stock, doubtless very early intermingled with 
Фат To it we шив! ascribe в strong element of pastoral 
nomade with a rigidly organized райатсВайв and а religioa ean- 
misting of the wership ûl the heavenly badies. Алия farther char 
acteristics we miy reckon iba wee of the borse, with в rite of berse 
sacrifice. Clothing waa probably of skin. ‘The dwulling, originally а 
round tent, was later widely adopted ая а type of habitation 
emt matam Asia, Groves were markol by tumuli or mounds, likiwiss 


a emra er the айн of Ghent торын нь ТЇ. Ebafhiré- Peran chines Biches (Ғ.Ғ. Come 
сушйснїеон, Ке, 196, Fila HET; Ба Esa. айн, EH. Сыны Бұта, Lonin, ТАП. 
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round in form. Новш, when used at all, were of hide or of inflated 
akisa. Tho typical musical imstrumseni was аш tarlhên warê dram; 
later (perhaps through foreign infiuence) there appeared stringed 
inatremnania, Tha laviraka amd aseeiníed prelims seem io hara 
been commen. The part of China oecup&ed by this culture appears 
to have been the northern fringe of Ghamai, western Shamal, amd part 
of K'ana. 

3. Adjoining Шин Western Culture on ie south waa what may be 
armed the Soudhwestern Gubbore, This had ile center in what is 
today ihe province ed Балет, nnd its үнэний we eum with car- 
talnty identity às the Tanguta—a people іп all probability of Tibetan, 
sock. This culture mual En er Bar tienen hase had ú greater extension 
важалі, in one direction to Hanan, in another ta. Hupi and Henan: 
while it also sometimes reached southward аа far as Tongking. 
Among nearer атеһе laler penetrated by this caliure were Yünnan 
алый Tibet. 
eal, ав hkwwins wara polyandry amd tha бантайа. ТЕ ia hawawar 
difficult to determine just what wore Ия distinctive features; for there 
survive, from the period when it played а pari of importance for the 
whole of China, mo traditions whieh might supply us with clues; 
while во far no excavalions have been undertaken on sites indubitably 
belonging to ii. În later times, moreover, it lay a little to one aide of 
the maim current of Chinese develepmant, an that there exist татр few 
Bberury zeferemonos to help us. 

8. To the east, in the heart. of the present Chine ares, was the 
Southern ar Ch'a Си на, за called from the ancient kingdom of Cha, 
which had iis wockoos іп the present provinces of Hupei. Neat to it 
and [img along tha coat waa the Coastal от YGeh Culture, named after 
the old atate of Teh, Of these two cultures we shall speak later on 
in more detail. For the moment we may turn to the last of the early. 
eultuzes, ana whose ехініспев has thos far bean scercely more than 
hypothetically ottablished, nnd ta which only a very few tralia ғаз be 
авран! as definitely typical. Itis, however, ol extraordinary import. 
anca ta & creek understanding ef Ав cultaral miluatinn in зо ето, 
sod central China. This ін iba Li Culture, whose possessors were in 
my орипоп Ausfrossialies That we must reckon with the presence 
of people of that sleek із China is rendered the more certain by the 
fact that even to this day their remmants survive in tha provinca af 
Eveichow, ТЬ Ea itself justifies us іш including them im our enu- 


meratian.— There are, moreover, many other indjcadions thatin earlier ^ 


times they played а rola of greatar impartanca thun we ahonld at frat. 
have suspected. Their culture cam only have been that of в very 
baskward hill-pesple whe ware food gatherers, not growers; аб most 


they сап hare had only а very primitive form of agriculture, carried 
on Бу burning clearings im the forest and then caltivating them with 
the айй of digging-ntinks. ‘Woe must, however, ехегсіне great caution іп 
irying bo assign to them any typical cultural traba whatsoever; since 
by the time when they first come within the purview of history, their 
culiure had already bosn so deeply overiaid and во greatly тан ад 
by those both of the squth and of the coast that it never appeam 
before us in ita pure aid unmixed state." 

The study of these two cultures, the Southern ond the Coastal, 
Фасона that they share сегініп cherecieratios which can only bi 
explained ая dua to mech mixture amd overlaying and which are 
probably, in part аб least, the result of contacta with the Li Culture. 
As long, however, ай no researches have ña yet basn carried out along 
these particular lines, I do not сага to commit myself in regard to them. 

5. In central China, especially in what is now the Provines of Нара, 
the Li Culture bes been overlaid by that which we hive called the 
Southern. This becomes evident when we observe that the bearer of 
the Inter culture were by babis valley dwellers, while the Li people, 
ва food gatherers, preferred living іп the hill. In this way it is quite 
possible for two such diferent groupe to live close бо each other in the 
same dissect, with only a very alow intermingling of thelr two culture 
patierns, We hare instances of just much а slata of ашта avem 
today in southern China and especially in Yünran. 

The extent of the Southern Culture must, however, have bean 
fer greater than the above would suggest. Iba former existemoe may 
with cortaisty ba naeribed to southern asd western Honan, to western 
Балин, to Anhui, parta of Einngsu, Kiangsl, und Kunngtung, and 
ulso о the whole of Human. Па bearers seem ta һата belonged to that 
Tni stock efi] ta ba found іп acattened groupa over South China and 
Farther Taedin. They appear te have bed a wet-rice culture, associated 
with irrigation and the keeping of waler buffalocs and cattle, ‘Their 
former extension can be chariy detected in the distribution of mytba 
dealing with the origin of rice and of сайд, azad of others in which the 
ox appears ая а benst-helper (of. the storie of tha Cinderella and the 
Sean Maiden type). To this Southern Culture, too, belong the myiba 
which portray the river-god in the form of an ax. 

Typical of the ваше cultura sesga ales to be tha terraced Geld of 
rammed earth (Moi), Inter made of rough stonework; offerings of grain 
ater of bread) cast upan the rivers; and an agrarian spring festival. 
Among musical instroments appears especially the mouth-organ oF 
"жет takanqa Ше ретімен өг Шы, Maa kasi tha Yan, two aberingisal ela of Moai Cina Esta Ішік 


абайы мін айтыл іа unai kamu Chira tbe Мара: š j лэн gro pi Мэнч Байнт- RES ҮР 
йш кс paris бі “kia apa: amd Ша Fhllppics Шан. Ba Men [ын Cha атын ин БИЗИН 
Яаёльж зо нгылы san нілін Шаш шр ай k атағын тот Ін COBA, 
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jew s-harp class, Tiero wos also the plow, or perhapa rather ita fors- 
Tunes, à two-painied pla өзүн їй алирлад Tor working іп Мона 
fields, Tha religion seems to have been а combination of ancestor. 
werhip and of a fertility cult with offerings of swine. The latter 
are іп сопйгаай бо those of horses and cattle which chorocterteed tho 
Western Culture and to the different type of catilo-ascrifico found 1n 
ihe Coastal Culture. Ашар myths seems to Бато been cnn which 
‚ teld of the separation of Heaven авд Earth, regarded as а wedded 
pair, This, however, isnot quitecortain; this particular myth may have 
кеші originally to the more primitive culture of the Li people. 

$. The Coste] Chalture із by far the most important of all the early 
ones, especially when wa take into considention бот olen of 
Chinn itself bet adjacent thereto, Па bearers were n people called the 
Tach, who, it would seem, were saan tially Тайота. Thay appear 
ña living hy the gaa, with whos miya thoy were very familiar; and they 
bed a well-dercoped art of navigation. Chines sources state that 
they had also settled in southern Korea ая well ns іп the Chinwa pro- 
vinébof БАЛТ НЫ recent investzratinns concerning Jagaun suppest 
that in thet coantry, too, the Tich people hed setiled rather densely іп 
verbam nream, 

The center of the Yüeh Culture lay іп the province of Chekiang, іп 
the neighborbood of the амсгой mountain Kuei-<li, about which re- 
welve all their originsmyths. Im regard to this culture the written 
records mantion so many chnreesterigtie traits, ef tho most diver 
origin, Шар Н can dearly be shown not to have had à aingle origin but 
to hare been composed of alimenta from a variety of sare, This 
loads us tà sespeet that all the other early са! агеа enamerated abora 
would also show a similar multiple origin, were it not Tor the foot thet 
the avallable Literary evidence im regard to them is far more santy in 
amount. On ини of this defect En our kewledge, bowever, we oro 
unable to determina the truo degree of their complexity. Henos wo 
Enavibshly Bend ta өнөгайны Ну them anid to eonsbler them ая deriva 
from a ва soure This, of onaran, includes tha Northern and tha 
holier Culiures already menüianed, m бәсі af which зүй can detect 
traces of several still older and quate distinct cultures. In the Єхны 
Culbzne thie Табам at one definitely append. For in it we find, 
бог with cultureslementa quite coanpatiblo with the character 
of a seafaring eoaslal people, others apparently better suibed to hill 
dwellera, and also still a third grap more im conformity with tha 
eultare pattern of a plains-dwelling folk with a more advanced type of 


tum, 

Ав typical of this Cosstal Culture we may mention the following = 
гийн: A developed navigation; the practice of holding boot mos, with 
its outgrowih the drapgon-boat festival; the use of bronze drums 
decorated in a way showing connection with that rita; and tha concept 
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of the dragon as Fired. A feature of the spring festivals ébaras- 
ee ee eii i rv 

nite apparently associated with the dragon concept); and myths which 
speak of а drazon-mother, who gives birth to dragons. Closaly allied 
to this group of myths waa one which bad a "Moses" motif {в child is 
саа! away upon the waters im a chest and grows up to become a bera]. 
There has als sarvived a group of myths of brother-and-aister mar- 
rage, шені likoniee of a deluge, In the agama complox again are oilers, 
of marriage with a dog (n sons instances, with a frog). The dog 
ascend bo havo been venerated ns ibe на ancestor; ond Шише was пау 
a frog cult connected with nfeumdity бай, Straw images of dogs wera 
Бага with the ded, or were used gs charms in coeds of Шинээ, — Magi- 
an priests played an important rolo, ana women took & part in cult 
und ritual practices which would biyê been quite imposible in the 
Wetea Culture, Поув and girls were consecrated to n divinity or 
ip a mord гнала, diber as й НА! вает ла or at least wilh an 
accompanying рг Минь of marriage. Elements of this culture 
were the worship of serpente, of sacred mountains (the latter destined 


decayed from them. Firat-born children were someticrs killed asd 
eaten by their paremta [en this ртаг оо аба tha following рағартарһ). 
mih ни maak io ba peopled by mountain pirita and oni 
logged | bliza, in contrast to the ideas about fox spirits prevelant 
arthern Culture, 
people, perhape after having undergone a rite of initiation, 
to select their own mates, izatead of having their marriages 


from her husband; during this period she enjoyed great freedom. 
After the birth of her rat child, howover, she went to live with ber 
busband, із whom sho wee thenceforth expected to remain true; 
connected with this custom, in all probability, was the one just 
mentioned, of the slaying of the first-born child, Gometinsts, however, 
Ше husbamd went fê live with the family of hia wife until ha had раза 
far har by working for her pananta, 
Clothing seems to have consisted of narrow widths of cloth, two 
of which were sewn together with am opening al the seam through 
ным 
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whieh the Bead was thrust. Thus ariginnted the earbest form of the 
walled "kimomo" type of garment, typical of ай enstern Asin, in 
parked eantrait ta tha Étted and tailored elothing found in the 
Northern and Western disp D iie «Аһ гш чыш 
Fundoshi) also perhaps belongs to Culture; а 
to be шәп in the island of Hainan, whara, howerer, it 
mama nob to hare been қ тагу ancient fender, Possibly also bark 
cloth was made. Tatiooing in various patterns, perhaps iotemic in 
Esa bure " ва alos the staining of tha teth black, were Шселгіне customary. 
Anethar praetire neemetimes mentioned was that described as "drink- 
ing through the nose." Thin із а specal way of drinking certain 
stimulanis by sucking them (raush à tube of soma mort, by way of 
the nose, Bathing in rivers wee quite general, & was oles the practice 
of pouring warm water over the body (cf. the latter practice in Japan), 
Cockfighting wna characteristic. Ав important arm waa the cross- 
ea sea ren jet ar ga a 
ا‎ кали ene рт ац Mer 
Im their place, communal houses were typical—tong pile dwellings 
beneath whose elevated floors were kept the domestic animals. 
Culinraizon ноғаша із have bora carried on En fields cleared by бро, with 
the aid of the digging-wilck and the spado; the lattar of these implo- 
mnis however, perhaps did met come inte usa "ший! later, In later 
Нина ala ree-zrewdng was &ñaptad from the Southern Culture by 
that of the coast, through which it eventually traveled still farthar, 
етеп бо Japan, Notched sticks (tallies) and knot&od cords (quipus) 
ал тағала ol recording avenla or sending гооввадун receive such frequent 
mention that they must bave ben typical of this Coastal Culture. 
The ғап ws горго! ал feminine, the moon ва masculine. 
The traits just exumeratz are cbvicmaly m» heterogenevos that 
they manot possibly have originated im any ome culture. Bach a 
tondition seems most likely to have been dus ta the superpositàon. of 


the rea] Austronesian bearars of this culture, іа tha hilly сошайгу om | 


ihe one hand upon tha Li people, in tha plaina on the other upan the 
poseessors of the Southern Culture; from both ef these they would іш 
time hava аһыы certain ского #lamaná= Вотье Вице of this 
mort, лі Banat, appears the meat probable elution of the problem. 
Ferba pe, however, И will eventaally appear that wo must seek in this 
connection atill another early culture, whosa very existencó we ая yet 
hardly suspext. 

Tha aniis stricture, іп fact, which I baro tried бо erect ба sọ Їйл 
merely an experimental оло, certain Lo need rebuilding and carryimg , 

` „Бира cass puna рыгы firi айай Ca za pl юм Цан mare, ва Y Trepi bas popped ri 154. сын 
zi tha бариллэн. “ТН Dania cem Lla kul kq ата шара bs bary ме woriped on Lan із ИОК oibus. 


Ea шар зілік sey мэн! peeps pd geram Chine, carta ri dogma ор гэж га nog нїв [3 pies 
„Ж тты Banlpem jr ЭН mech peas 
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on t completion. However in its main outlines—i. ғ. the listing of 
the віл bany «сайте cut of which kaa Ант ерні! the historical Chinesa 
eivilization—I feel содтой that i} will stand, What we have tried 
to depiet hers із the cultural situation which existed in China during 
жолым hing lile 3 000 уғата before our era (2550-500 В. C. We mast 
поё жорғаға that during the ааг аг part of this period the matal 
interpenetrations and interminglings of Шыға early cal bare were ав 
marked as they became farther along in the same period, to say 
nothing of still later times, Material guthered from the latter it 
seams to ma quite permissible to we in connection with our study, 
ace 1% comes from just those regions where the early cultures had 
nat yal Бага Бо deeply submerged by the type of civilization then 
prevailing in the Chinese area proper." 


PART 2 


I shall now try to show how, in my opinion, out of the above early 
cultures there developed the historical Chinese civilization. ‘The proc 
cans I depict it, Û wash to emphasise, ів eo far nothing more than n 
far-reaching hypothesa, The attempt hea, however, already bosn 
made to bring the scheme which I have worked out by the aid of the 
curly historical and archeological meterial now avilable into com- 
formity with the one drawn up for the Farther Indian and the (henamie 
Cultures by Professor Наша Gelder Should the letters Шин 
prove correci—at least іп ite general outlines—then ww may expect 
ba fied om Chinese soil also evidences ed those carly cultures that he 
has peatulated. We have, йө a result of our preliminary discomions, 
already reached a broad agreement, Further attempts have been 
made—by De. Ramp (Ненің) on the ona hand and, along somewhat 
different lines, by Dr. Oke (Vienna) on the ofher—to explain the 
development of the Japanese culture. The maalt of such preliminary 
discussions has been, sorcerer, bo show that in thia wap far-reaching 
conelasiona may be attained, ñ I 

1. The oldest paltara that hes as yet been clearly distinguished on 
Chisess wil ia the one called, from Мя tvpe-atatien, the Yang Shes. 
With this аға grouped certain others, often very limited in ares, pir- 
hapa in part contemporary with it, whether tay be sightly earlier or 
slightly later, Thi собаке contains, in my opinion, alamata derived. 
fre tha Western Culture; this, for instance, it із, perhaps, which is 
responsible for that uzmnlatekable western Asintio иш нэрж shown by 
ite painted pottery. Possibly, indead, it will prove to have been the 
сава thet these had пітенір setiled in the Ordos терип бсу аан or 
some such people, whe were the carriers of these elements. In this 
event we shall Бата to suppose that very ва у exchanges took place 


n A "wor: ла ЫН (Es aba Ён repperi ы Las ынан їзнэ нийцэн H piren ін із сет ef. perua kiman; 
bil Si Болор eee qu Lea fer лам На me Г. Мін. лаа... теі. ШЇ. р БОБ, кызый зүй НЬ, р, 103. 
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between the Western Culture and ibat of the Scythians, However, 
such ав ватіу appearances of the Seythiana in the игш іп question has 
mot vet been proved.” А second component of the Y ang Shao culture 
is to be found im the Northern Culture, frcm which it took Ba pit 
dwellings, its ива of bana in the zaunufasture of implements, and the 
common gray pottery decorated with cord or mat impressions. Sill 
n third source is to be found le the Southern Culture, from which cams 
rica growing, already proved for the Yang Shan; to it wa may add alan 
the sedentary mode of fe. Whether ihe Sosihwestern Culture like- 
wise played а part im the formation of the Yang hao la not yet clear; 
but in any event it seems net to hawa pasada На inflnence аа strongly 
felt. на that of the others named. 

2, ЕЭ Маана ен ЫИ ТЫ ласы Баи Пы Тык Кыш жшн 
was iaking shape in western Chana от only а vory little bior, them 
appeared im what is now the province of Shantung, in eastern China, 
the Lung Shan (sometimes called Ch'éng Тіп Ты) culture, with its 
characteristic pottery of blisk earthenware. This we dà not na pet 
kno vary well: hut we can аваг with mearanta thnt in it likewise thire 
appears à sirecg eleznemt of the Northern Culturo—a stronger one, 
indeed, dan thal which we have jaat found ka the Yang Shao, With 
dhis here шинэ &ppears an element derived from one or other of the ізгі 
вие eulberes, Thai ol Lung Shan is in йау case very much mixed, 
and is a direct first &tep їл the formation of the culture of the Shang 
people, which we hare now to consider. 

3. The Shasg culture is the oldest іп China for which we bare as 
pak both historical amd archeological evidemee. Im this abo im бо 
Ба found a marked element of the Northern Culture, just as we mw in 
that of the Таза Shao; but this saima to be domly losing Ия strength 
ameag the Shanga. Far more powerful was the influence exerted by 
the Southern Cultura, with its ries growing, iba exttla breeding, and 
Ша ргн саа of silk. Most clearly significant in this connection бя 
the influence which haa been exerted by the speech. For these Shang 
people, ns the inscriptions which have been discovered testify, al- 
ready spoke n language very similar on ihe one band te that of the 
present-day Chinese, while оп the other 1% wos most closely related, 
among thoes of all these early cultsres, to the speech of the Tni 

peoples. The samo inscriptions nleo speak of clans, whose names we 
recognize ая thoss of ensa which existed, later on, in the Ch'ia Ий га 
ртелнга у" пэл на. 

Shang agricultural implements wero probably of weed, since none 
ef thai remains have thas Tar been fou Recent Chinese i ire liga 
lema bave, howerer, made it vory probable that the Shangs hod tha | 
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tweepointed spade characteristic, like the aborenamod trite, of the 
Southern Culture. This type of implement was long retained im 
eastern China until somewhere around the middle of the first millen- 
gium hebore our erm, there appeared the plow, possibly na a. devalop- 
meant of the spede. The diffeuliy about this last point lies only in 
ihis: ihai tha plow aama гай to here Їнэт 'keswn in western Chino, 
whore wo ns yet hear nothing of the existence of am implement of the 
spade class, Possibly this may moan that the plow has bean intre 
dasad into Chinn from abroad. At all events it eon spread through 
the morth and thon over tha center aml mwth of Chino- The presence 
of survivals among the agricultaral processes іш uso oven today shows 
that Тағы imflusnea on tha Shang ealtura wns ihò by па means 
negligible, The many cowry shells objects of motlser-of-poarl, nnd 
homes of the whale thet hare bean found suggest thot iba Shang 
people earried on trade with tha бая! сагай, whara, according to tradi- 
tion, the Teh were olrendy seated. ‘The iniluence of the latter on the 
Shango із, I believe, likewise shown by the "kimono" oat af their 
dething nnd espeeinl]y by the style of the decoration found on 
their bronges. 

Finally, this Shane Culture oles contained an slemeni derived from 
ihe Weatern Cultime, and which scema te have been growing stronger 
with the passage of time. While ibo Shang religlon арроата to have 
been at first only agrarinn in its character ame өз із be explained às 
due ta the influence of the Southern Culture, there appears in it later 
on а worship of sacred mountaina which may well be nscribed to the 
Yünh Culture; while later adl we can trace û changes to an nstral type 
of religion, ай indicated bo the ipaeriptiama om tha тегін bones. For 
ihe Пабег, we may now assert with eonfidenor, the bones of oxen were 
used at first. We oust infer, therefore, thet the um af chicken bones 
ancl slall later of their бра, for oracalar рагровеа, was typical of omn or 
other of the southern cultures, whether of that of the suth itself oc 
that of the const; and that, farther, beiween these oracles and thoes 
балга from ibe homes af suem Шыға ornis seme sort of болцон 101. 
Ая усі, howerer, we an not well emcugh informed aa to the nniure of 
the cattle sacrifice іп use among the Shanga te try to bring ita cx-bone 
бура of oracle into direct relationship with the ax cali and tha ол 
васгїйса of the Coast Culture. Later, in place of ox bones, the shells 
of tortoises were employed by the Shangs. That the Intter should 
thus have conte to prefer tarteian shells ів only explicable on the ground 
ibat, ая stated by later texts, they saw im the rounded upper shell 
ісатараса) n symbol ol the mwali of Hoiva, and En Ша flat lower one 
(plastron; the part used im consulting the oracle) that of tha plain of 
Earth. Thus already wa find hore evidence of nstrological speculations 
like those which became cspeclally conspicuous later on, in the culture 
of the Chou people (to ba coeaddared later), under the stimulus of the 
predominantly амгай religion of the latter, ‘This we сал Багу explain 
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otherwise thas as due іс the influence of the religion of the Wester 
Culture, definitely astral in eharaetar. As the texta repeatedly di 
elare, tha greatest enemies of the Shanga were a people who dwelt just 
фо the west of them and whe were known aa the Chiangs. This name 
wis that later applied to tha Tazguts ond thus япруеалн that Ия orig» 
inal bearers belonged to our Southwestern Culture, Today, thanks to 
archeological excavations and tha izacriptions whieh їнэ Тата 
yielded, we ага able to state the approximate extent of the Shang king- 
dem and ite вон culture. ыы pore АЙ Кыа 
Emal area, compzised iz southern. Hopel, northern and eastern Homan, 
asian aar wei The Савра, though, ва wa have just seen, 
ther belonged to the Southwestern Culture, must at that time still 
hare extended eastward ns fnr ns portions of Homan. ‘This conclusion 
in by no means жа aboard аа might at Gratappenr. | 

4. Let us now glance nt what had been going on im the пиа 
in the west. There, after the dissppenrunee of the Yung Shao Culture, 
tha Turkic stocks, bearers of the Western Сайна, had been coming 
mare and mare prominently into the foreground, probably bocansn 
they themselves were in turn being hard pressed by Чийг northern 
neghbora. The latter we ean mew enn&demtly call Soythians. The 
cultural changes which followed the disappearance of the Yang Shia 
Culture are unfortunately hard to imterpred in the light of such scanty 
archeological evidence aa we thes far bawa, Wo mut, bowover, think 
of s alow transition as going on during tha bronze age, through the con- 


eninglizsra (aifecled somewhat by even earlier but weakly felt intrasiona 
from the Sothern Cultura), there waa formed a new Western Culture, 
Бай of iha Choc The vocabulary of the latter, according to evidence 
presented hyrrecent Сава Баа ра bons, contained à Таг 1 element. 
The Chous it was who brought with tham ista China an nstral typowi. 
religion and tho idea of strongly centralized chieltainships, Around 
1000 B. C. ther sucsesded in ebduing tha Shang langdem amd НЯ 
culture. The latter, strongly agruriam in character and with n well- 
marked development of bandieretas but which had already long been 
urbanized, was in consequence deeply overlald by the eubtura thea 
brought with tham by the Chous. These bad à strong tradition of 
pastoral nomadiam, although before their conquest of the Shanga they 
had bheenma arreulburista thermaelves nnd only retained the memory 
of having on been à pastoral people. They found themselves foroed , 
to adopt much of iha Shang civilisation, Рог examplo, Шыт took over 
the Shang system of writing with bat few modificationa, and were іп 
consequence compelled slowly to sbandon the very language that they 
spoke “They likewise took over the Shamg bronze technique, to- 





gether with Из style of ornamentation. In short, they borrowed 
nearly all the features of the Shang civilization. It waa mot until 
aboot the middle of the first millennium before our era that they bogin 
to lay aside the Shang culture traits in favor of their own. 

They had bagus thia pressa of eulture borrowing long before their 
conquest of the Shang kingdom; and they continued it for several 
centuries thereafter. In iia cure they had followed п precedent 
often seen in the subjugation of an agrarian culture by a predomi- 
nantly pastoral amd nomed one; that is to вау, the Chous, aa om- 
queror, became a ruling сіне. Іп bringing tha about, they had 
settled groups of bir own people at points of strategis impartanes all 
through the eyuntry, to govern the lower class, composed of the Shang 
people who occupied the region. There thus grew up as а character 
БИЕ of the Chou сай ага a feudal systeen—the only one, in. the gir- 
cumstances, by which a munverous conquered people could be held in 
gabjection, ‘The natare of this feudal system and the way in which it 
iesposed itself upon the old agrarian етіне of the Shangs explain ales 
the following fact. Ая we learn from the texts again, in tha first 
БА енінен B. C, the population which considered На aa "Chinese," 
viz, the ruling group of the Chows amd that part of the conquered 
damini whieh had came into the closeat contact with the latter, was 
sparsely distributed, in widely separated settlements and city states, 
over à region ofherwises peopled by folk whom they distinguished ай 
“barbarians” and who belonged to the old agrarian culture. ини 
the territory ender Chou control, agein, were «ЫЛ other peoples whi 
belonged to caa or another of tha earlier бий тав, Та, im tha firat 
millennium B. C. at al events, occupied scattered enclaves throughout 
the entire mgen under discussion." Further significant of this con- 
dition is the fact that not until areund the seventh century B. С, did 
the distinction between "Chinese" amd “barbarians” appear. Hy 
that time, as & consequence of this imposition ol the Chon «ийэ 
upam that ef the Shanga, there had barun to develop m eivilizatica 
which wa may сай Chinese ond whose possessors hed begun to feel 
Шилэн аа belng somehow different and superior to their neighbors, 
bo wham they hed im reality originally bean so closely related. During 
Shang times the neighboring peoples bad been denoted by à word 
which meant something like "land" or "region" and which only later 
deck on the signifeames of “barbarian.” 

The above-described fundamental differences betwoen the Chew and 
two, In that of tha Shanga, predominantly agricultural in nature and 
hence basically allied to the Southern Culture, there had been ая іп 
all ngruriam cultures with an onpenization of small pessnnt holdings 
instead of great landed estates, no паман for slave bor. In liz 
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place, however, such cultures have often demanded large numbers af 
human victim for sacrifice im comneetion with fertility rites. Ta 
Ыз fact we may attribute tha extreme frequency of haman sacrifices 
and the кімітев of slave owning and slave labor during Shang Шин, 
Along with thin (and here we нге reminded of what hes been said in 
onnectien with tha Southern and the Coastal Cultures} want Шш 
existanes of a primtly caste of great power and importance. 
In contrast to afl this ww may set iba lack, among the Chous ва 
pastoral , &[ rites accompanied by human 
saerifire, their place being taken by great offerings of animals. The 
Choua, as а people with a tradition of pastoralism, may well hara 
made паа of антон orginally for watching their focks and herds. 
They had moreover a keen appreciation, nequired in the Фото of their 
wandering mode of lide, of the advantages inhorent іп & disciplined 
govornment- Hanes they used their captives of war noi аа human 
яьсгїйсса but ва errant. Binen however, they had кігеміу given up 
their pastoral economy before their conquest of dha Shang kingdom 
but had nod, on dhe other hand, тоғы an to develop one of great landed 
estate, and bad bat little knowlodge of land management, they left 
the ет to their subjects, Such slaves as they had they amployed 
merely for walehing and othar similar services—a clear remenibrance 
of their original manner of using slnves during their former pastoral 
ld ‘This instance will perhaps suffice to chow how our new working- 
hypothesis may be weed im the во Мөр of particular problema, amd 
haw ky its use we may reach n clearer understanding of many рысе 
СПА. We may also draw as inference of a somewhat similar sort from 
the fact thet the Shangs sacrificed in temples, but the Chous on the 
diker hand im the open sir—another significant cultural distinction. 
As on objection to our theory that the Chinese civilisation grew 
ap out of the interaction of various neal cultures, it may be urged 
thet in the fired milleenizm B. C. the art of the entire Chinese ance 
we obvinusly wnilorzn in style. This B, however, not fundamental. 
Itean be shown that the са ааа of certain familisa wore exercised over 
wide areas end during long periods of time in accordance with heredi- 
tary traditions. For ший, there still lived in Le-yang as late as 
tha БІНЕ century А. D. а group ef potter who claimed descent from the 
ancient Shang popolation aad whe thus seem to have Exon carrying on 
a рый шы craft for somo 1,800 убака. We also find references ta the 
existence of families ef bronze cetera; these suggest ihat, speaking 
generally, bronze vessels were im all probability made by individuals 
or families with whom the process was an inherited tradition. Far- 
tieular pieces, obrrintaly provincial im ог л, will hwa to be oxplained 
һа the work of loil Таға Йя. 
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In the above historical akeich we have omitted any reference ёо а 
Наш Dynasty or a Hsia Cultore. Thi жа have done deliberately. 
Far everything that wa hove in the way of references to that dynasty 
is in part so Tragus and questionable, in part so general and вэ devoid 
of eilxnological significance (einen we cannot work with paraly political 
siatemenix), that it does not allow us to deww n picture of à Hela Cul- 
іше. Exeavathne carrind on ai sites alleged to have been eccupled by 
the ancient Hadas (in southwestern Shansi) have se far brought to 
ght only remains ed tha Neolithio Period, Hence we do not know 
whathar there wos іп reality а Нян Culture ai all. ЇЇ there mis 
however, its center, nocording to our working hypothesis, mast bare 
been ab the focal point mhara tha Northern, the Western, nnd the 
Senthern Cultures салаа together, It would thus have differed from 
the Lang Shan and the Shang Calierss in the absence of тау element 
derived from the Southwestern Сага. All this is, however, so far 
purely speeulative, and has mo real basis in ascertained fact. Wo 
shall have to awali nuw discoveries before we can form any eonclosiana 
in regard tò à Haba Cultura. For the present, any attempt to discuss 


it would be prematüre, 
PART 8 


In the view presented hera, Шыға, the civilization which жа call 
апове" has sat been developed from any жігін source but has baon 
the product of à mixture and union of several quite dixtisct carly local 
eulturea, That of the Shanga, which we шау aely term pryl- 
Chinese, took form іп the regia where the Northern, the Southern, 
amd the Coastal Cultures all met. IE waa finally overlald by the іше 
trusive Chow Culturo, which іп ita turn originated at the polt whore 
the Western, Northern, and Southwestern Cultures impinged on one 
ancther. In this way there come into being tha Chinese civilization 
properly soscalled, with all those distinguishing characteristics тее 
it bears oven to this day, 

{Рат study короля many questions into which we have not рое si 
sl For іпадапса, we hawa made no effort to decide to which ome af 
the carly cultures we must васат the various forme of stone hatchots 
and om Chinaas Neslithie sites, Neither hare we во much aa men- 
toned the extent io whieh the art of the Teh Culture may have ine 
fenced the decorative style found on the Shang Dynasty bronzes. 
Мог have we raised the question as to which of ирэв early cultaris із ta 
ba attributed the practice of motherright om the one band най of 
[ather-right on the other, All such points we shall have to amit. In 
my opinion, howerar, our study hes almady brought out enough to 
show that these скатов were themselves En no sense unitary struc 
teres, Not until we have additional evidence can we, in my blim, 
ascribe to one of thám the satam of mother-tight and deny it to as- 
other. Ii вести to me thet wath details will very probably become 
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elear to us in the ght of farther study, Por the present I thank it 
batter to postpone our investigations in such specialized fields, First 
of all we must clearly determine the nature of the early cultures nnd 
dens then mori kelly then we have yet been able bo do. TIn 
then, me hou not try to deal with thea further questions, important 
though their solution undoubtedly b. Before wo undertake to de вэ, 
we must learn the true nature of the orginal гїн найр among the 
Austrossiatic, the Алийн, the Tibeto- Burman, ard the Sino- T'ai 

groups of languages. Then only shall we be in a ponitinn to proceed 
further with nur study. 

Буш the warkingp-hypathasss suggeatzed Bara hold goed, {her wil] 
also provide us with а method of drawing fresh deductions as t tha 
early ethmology of Farther India and Emdonexis. “Thasa deductions 
will rest upon в foundation similar t that afforded by the hypothesi 
which Professor Heine-Gielderz bas alrendy sought to establish. They 
will Шинээ give us a new pickure of early Japan. According to the 
old thaary, the origin of tha Japanese posplo was to bo explained as 
the result of ñ fusion of Tungus from the north, of Aine of uncertain 
ийг, and ef Mala ya from а gwth. Bet now investipationa 
seem to Баға made it clear that the Japanese culture was olready 
im existence before the period of Ша Malayan wanderings bad com- 
menced. The Malayan ibeorr has wenknesees іп several other 
respeeim ales, ЇЇ would seem, indeed, that the questiom might bë 
far better explained if in place of the Malays we were to put tha 
Yüsh people. For tha features which, in both culture and in language, 
hare beam тарагды ав "Malavan" seem rather to indicate the presence 
іп Japan of influences emanating from tha Yüeh Culture, Nor ean 
eee ee P MAT TNAM риш И ин, 

disukai of such ponte ns the foregoing weld, however, 
Бүрсэн перроне ber ork ind А I hope, in ha ccr. of 
a cooperative steady which is to ba undertaken togedber with a group 
of specialista, to reach a matiaetery explanation of such questions 
and to obtain for Japan amd Farther India also working-hypotheas in 
harmony with the one which I hawa sak forth above in respect to Chiba, 

Finally, the question goes much further, for it peass problema 
meek нээн Tar Poaching ШІ, СОН Шин, onn is Ши тарын by ibe 
елімізге of namera parallels between the Ceniral American civiliza- 
tona оп Ше one hand ars] those of ansñarm Asia and Farther India 
оп iübeother There ban already appeared a whole group of American 
eulbureeléernenta which may have reached America partly from tho 
mortherm portions nf tbe Asiatic comtiment and partly threuph direst 


contecta with the Chingse cast, АШ кесін features must in any case А 


be considered frum the point of view which we have bean di 
Thair study, Шин undertaken, seems Шоу to lead to resulta of very 
great importance, 
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The earlier «Йона of mankind ta келе an abundance of food сой» 
aitad largely im the performance of magical ceremonies, frequently 
érginsti im charactor, It is sometimes begotten that mith methods, 
even after regular cultivation had come into being, long continged ta 
warvive in close sasocistinn with what we should consider mors 
rational procedures. ‘Yet this is п fect which we need te keep atea diy 
án mind while wê try to work out the early history of Ша traction plow, 
Жекен to plows drawn by animals, especially those of the 
T a 

Certain members of the genus Panüicum—ihe millote—eeem to 
have been the first cereals actually cultivated. Thea, grown with 
the aid of the hoe and ibe diggingetick ender the йа gralem. of 
tillage, had spread over а larga part of ike Eastern Hemisphare bobote 
ike close of Neotithic times. — Under thin system, шай plow of ground 
are cleared, offen with the aid of Gre, amd are then tilled for 2 oF 3 
years until dbeis fertility hes been exkausted, when they ane abandoned. 

Te was nod, however, the growing of millet but rather that of wheat 
and barley which became associated with tha development and dil- 
fusion of true agricaltara. The firet stega in this process had already 
been takan long before the dawn of history—peasibly even before the 
end of the Epipalnsolitbis period. Hand in hand with the greater 
stabilization thus gradually brought about im the food supply there 
want a corresponding increase of efficiency in the iatraments em- 


ergone im] : i 
remain today what they were in probistoric times. To regard sitar 
of heen ва directly ameeatral to the plow is to be mishd by enperticial 
resemblances in ПОВАРА. For example, the hoe handle can 
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scarcely hove been the origin af the рхөг-Їннап, for the latter, пя wa 
shall see, nppeurs to have been әнші im the си ог plown, its place 
being taken by a rope. 

It was quite otherwise with that archaic implomont, tho digging: 
wick This in time developed into the foct-plow, which asume a 
variety of forms, either curved or olen bent at an obtuse angle, and 
provided with а rest; against which the cultivator pressed with his foot. 
Possibly tha “duse-last. colts,” characteristic of the Cantral | 
еее known ав Denubiun I, were in some inslances ot lengî the 
shares of prehistoric foot-plows In regions ав fnr apart аа Ireland, 
China, ond even Peru, inen using implements of thin class have worked 
in райга abroast, walking backward, thelr belief being that in this way 
they can sccomplish шелігі mere than when acting indepedintly,* 
Buch instrumenta aro still employed ін parta of the British Tales, the 
Sudan, the Fur East, and olsewhere. 

A further Нар іп the direction of more affective tillage was the 
application of the principle of traction. By ihis method, while ana 
individual pushed the implement, one or more others pulled it with 
cords! This practi likewise attained а wide distribution. Tt 
арфғаға o have existed пі one tima or another in nearly every pari 
af the north temperate zone of the Old Work. Perhaps cortain large 
кечалари stone implementa found in northern Chins wore the shares 
of mach primitive man-drawn plows." Instruments operated om this 
principle were used until Lately im parta of Europe: and they still 
неттіте in diseontinesus and usually backward агаа from North 
Africa amd South Arabia righi serem to the. ах tiit of Asia. 

The substitution of anima] for bumas power marked the fins] step in 
the evolution of the true traction plow, This change seme most 
likely to have been initiated through the operation of ideas which wa 
should comakdir the reverse ed utilltarian, bat whieh te earlier роор!аа 
soemed кала cag. 

That tke bull and the cow hare offen been regarded as cmbodi- 
ments алы] even os gods of fertility is well known, Sach belicfs asam 
to have beon more especially prevalent im those lends where whoat anil 
barley wore cultivated in antiquity. Ti waa porheps tho wish to сл ай 
the magical fertilizing [ютеп belimved to inhera ің the ox-kind rather 
a Cia, V. Quedan, Ты кеге а! Жағаға іе баб, үүр, fi 172. Hit: ai Uo lor aramos in Bg. лт, 
f IE нв Eta Chat UPS алын. "Tha aate im preidejo. рур. 43, кі, zum. 
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than о ascure the nid of their physkeal strength which led to their 
imotinkina with the operations of early agriculture, Оп Egyptian 
still во used in many landa, The ана of the ox could only Бато been а 
later development. Castration, of bulla na, well as of men, probably 
originated s в fenture of those сталае fertility eulta во common in 
the ancient Near Esat; it symbolized a dadicatory ancrifice—n species 
of ritualistic ayneedoche, Only after the practice hod become estab- 
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lished sould men hara learned that animals thus treated aro thereby 
rendered snore docile.” 

The plow бзан has oftes been regnrded ns а direi gift from the 
goda. The Есурцана ascribed its origin to Osiris, tha great patron 
of agriculture, whilo the Vedie Indiana believed that the Аеліла hed 

cht ile wia to mankind, Та Greens ite invention wea variously 
impated—to Zeus or Dionysos, to Pallas or Demeter, In Chinn its 
origin came бо be attributed both to Shén-sung, the “Divine Husband- 
moan,” and ta a (mythical) grumdson of Hou Chi, "Kilir of the Millet." 

This intimate conection of the ox«lrmwn plow with religious 
ideology suggests the query whether it wna not iad actually of разу 
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origin, and fret employed in the production of sacred cropa, destined 
for earemónial тыға. — Exarnples of amena көй амиа for much а purpoas 
аға tha Eharian (or Канав) Plain pear Eleusis, dedicated to Demetar, 
and the Sacred РШ ceremonzally tilled every spring by the Chinese 
беретин.  Meespotumian erlinder séala display the plowraun parbaj 
жа а presb; or they show the plow in association with astral iysnbels 
or being offered io a seated god or goddess of agriculture (lige. 2-21. 
Again, а Cypriobe clay model of a plowing scene from the Early 





Fritux SABE Ы реаль үлэг mod. ee Ward, Essl архин, P. Hs ВОВ EO 


Вготве Age, duriag the third millenium B. CL, ssastiates the plow 
With those culis ef ibe Divino Mother and the Sacred Bull onca an 
widely diffused over the Neur Eust! In many lands, too, the ши 
Plowing ef tho your has been а solemn табела obeervance оо 
ducted in parson by a priestly ruler; such, for example, was the case 
in China until lees thun a guneratión аро, 

‘The earliest, method of attaching cattle to the plow saama to have 
bean by tosses of ropes made fnat to their homme—=the latter themasl wea 
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magical symbols of great potency; both yoke and plow-beam appear 
to hare been later developmanta, No doubt huaman amd animal 
traction were employed in conjunction for n time. This continued 
io ben the case in ceremonial traction in Egypt down to late dynaatic 
dime, and it js stil] tha practice in certain backward regions." бу 
through experience соо} mon have discovered that, under proper 
guidance, omen шау be trained to drew the plow unaided. 

We are ая yel scarcely in a peaition to determine just when nnd 
whara the traction plow first appeared. That ite evolution should 
have осаштей iedependently in more than one area is improbable in 
the extreme; for 1% involved the coordination of far too many culture 
dementia. Moreover ай the available historical evidence is opposed to 
such а view. (moe the idea of using animale for drawing tho plow 
hed been grasped, however, ita secular advantages яагаад increas- 
ingly greater prepocderance over iis гевцаоцв aspects, and ita wide 
difhzsion became ітеуйаМа, In many lands, i place of being aasi- 
elated with the introduetíon of ату given form of plow, animal traction 
ama often to have been adapted to already елап agricultural 

ef elder the foot plow or the man-drawn typa, 

Recently it has bags claimed that northern Europe—more specif- 
ieally, the Nordic proviner—was the birthplace of the traction plow. 
This claim we shall discuss later. Credit for Ha invention bas ales been 
proposed for the valleys boib of the Nile and of the Euphrütes. 
Possibly ite evolution actually began in Upper Mesopotamia or North 
Syria during labe preküstorio times, when those régions enjoyed 8 
greater rainfall than thay de today.” ‘The abundance of remaina of 
human habitation in many parte of the Near Ensi which are now arid 
proves that ab no very distant date, geologically apenling, that ragion 
possessed. n far higher degree of humidity than now. 

Tha first irrefragable proof of the uso of the traction plow anywhere 
is probably ibat found in am archale Sumerian зєв! of about 8200 
В, С. from the Royal Cometery at Ur." As the plow here shown 
Ë already ва well developed in certain respects aa its descendant 
of а thousand years later, we must postulate for it à long previous 
period of evolution. Тһе мяла! beginnings of this process шиг go 
haek nt least ва Фиг ая the fifth millennium B. C, or even before, ‘The 
Urak phase of prehistorio Babylonian civilization, commencing around 
4000 B. CL, perhapa ва an minsan from the northwest," already 
верь animal traction бол wheeled vehicles, nmd possibly із agricul- 
ture als, although this by no means пасанаагЇ їр follows. In ancient 

b For a memi isla, нь Ман J Tria of iba Miish Tami, p. 18, ИШ. 
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Egypi, бэт example, the ox«drawn plow long preceded wheeled 
тайнен, while in China the етігі reverse was the come. 

The early Mesopotamia plow Б most ohen shown with үй 
handles az silta, and, апта apparently in ritual plewing,” the тала 
МЇ traction had progressed [ur beyond the рг те rope асна 
directly ṣo the animal’ horns. Im some instances, even, we find 
depicted on the asal what seams to ba à trae néck-yolce, with bows or 
оре encircling tha wnimala' throma. ™ "There тїш no sinde or edo, 
but ташу a мар point. The plow-beom. was of two рине, 

ын! sometions displaying а double curve shaped like 
the sound-holes іп a тілін, Beams of Ын sort survive in the Meir 
Балі їп thas day." 

The Babylonian plow seems to have undergone comparatively Беа 
change in form during tbe bistorical period. But by tha Inttar half 
of the second milenmiom B. C, and perhaps much carlicr, (hero waa 
mme айн lo ib û “arola ”--ан upright tubes open sk both 
enda, through which an atbendant dropped Шин ео s the plow- 
ing went on, ‘This apparatus appears also сш Assyrian plows; 
representations occur en the walla of Sargons palace at Khorsnbad 1" 
and on münuirnetña of Бепгасһетір and Esarhaddon.” Somewhat 
similar features shown on seals are interpreted as representizg à man 
puking down the plow peint with a stick; bet perhaps in reality 
what are intended nre “sender. Little if авт evideneo exists for 
tho very вагіт use of medal арага in Mesopotamia; and indeed it із 
unlikely ibat auch were ever regularly employed anywhere before 
or өөр Gal kr ea 

1 сайн were only animals attached ta the plow by tke 
andant томға «ғас. Ti bis been asserted that on ome 
very early carving а man ін shown plowing with an antelope; however 
nothing in the way of a plow is depicted here, and what we have із in 
reality à hunting smo 

We ore far better informed im regard to the ancient Egyptian plow, 
af which we have so many representations, from the Third Dynasty 
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onward 8 It displays im general а mor archaic aspect than the 
Mesopotamian plow; but like the latter it usually Бая to handles, at 
first very short. Im the earliest reliefs tha Egyptian plow is often 
attached to the draft animala simply by à rope tied to their boms; 
and even in Inter Шинж, at eny rate in riteal traction, а yoke іш fre- 
quently absent (fig. 4). When it does deeur under the Old and 
Middl Kingdoms, it is of the meat primitive abescription—meerely 8 
bar of weed lashed crosswise to the aulmals' horns. Although börn- 
less сн were known to the amsbemt Egyptians they seem novi to 
kawa been немі in plowing” Where im place of a rope в plow-beam 
la shown, it is usually surê and always straight and displaya nane 
of dhe dlaboration of Babylonian examples. 

Tha wan of a огоны Цав of twisted and doubled thongs ог «аға, 
binding the beam to the lower part of the plow, near the point, arose 
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quite early, but only became general tewnrd the beginning of the 
Twelfth Dynasty: later still ii wea replaced by а crom-bracs, apparently 
ef wood. ‘The Egyptians seem із have armed their plows with flint 
during moat of the Dynastic Period ;* although there is some evidenta 
that they were beginning to employ metal ahares before its dlia, ™ 
Бала in minor detail, the Egyptian plow underwent little evalu- 
tion during QH and Middle Kingdom tunes. Ті was only after the 
Hyka conquest—when, icidentally, wheeled vehicles iret appeared 
in Egypt—that changes in the plow became more marked. It then 
grew progressively heavier nnd ita atilta longer, while true neck-yokes, 
perhaps introdeced from Asia, began to meplaee the arehule bars of 
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Egyptian plows there appears to be a tendency іс develop a alude or 
sole—a. feature apparently already known іп dhe Aegean area; possibly 
Иа appearance іп Egypt was connected in some way with those rabda 
by the "Sen Peoples" then going ов. Something which haa very much 
the lock of a coulter (nol necessarily of metal) also appears in à few 
representations of plows on New Kingdom mocuments, and ai least 
one surviving example ban actually been reported.” 

[talasa of the use of haman instead of animal teection in plowing 
are тата. An Eighteenth Dynasty relief (fig. 6) slows а plow of the 
mal trpe drawn by four youths and guided by az ekler шап who is 
closely followed by a wer ™ ‘The form of the plow bere is wrongly 

i by Lepeiua * amd hy thran who biva copied him. 

Wa know little as yet regarding the first appearance of the trnotion- 
plow in Asia Minor, As we bavo seen, the cistern portion of that 
area waa parhnpa net fer removed [rom the original center of diffasion, 
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A high degres of civilisation existed im the торон wwat of tha Taurua 
by the third millennium before our era," when the plow was already 
known in Egypt end Cyprus, ТЬ it was аны in Ана Minor as early 
as it wee in iho letter of these two regions a£ least, we may gard аз 
certain. The peninsula became indeed іп the course of timo n second- 
ary area of diffusion, For more detailed information we shall have 
to ған farther arebeological research. 

Tt wea perhaps from Asin Minor that the tzuction plow reached 
Crea. For the form used there during Minoan times, ва it ia depicted 
im the hieroglyphic script, shows no resemblance to thoes ordinarily 
used «мг in Mesopotamia or іп Egypt, Unlike these, it has but a 
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single handle, with n transverse hand-grip, and а well developed glada 
in one piece with the beam, Both these charactors the ancient Cretan 
plow shares with examples found іп peat boga in northern Europe; 
and it soem also to have been nearly related to the prwelumical 
Greek plow aa well aa te types found in the emiterm Mediterranean 
area today." Ii displays a distinctly more developed shape thas do 
the plows shown іп the Ligurian and Sweduk petroglyphs whieh wa 
shall dimi later. 

Thare appears to be po conclusive evidence for the use ol the ox- 
drawn plow im Eurepe during the Мосс period,” although some 
form ef foot plow was pretty surely known and perhaps human trete 
tion was alan employed. However, Mesopotamia was in contact from 
тегу early tos with the steppe lands north of the montis mona," 





» DAI 


^ 


келип 8 — Basie ties Бурый erimus ш bear чать іна be рінші. Cree Теш аша 
Пе, аьан, wal. 1, pi 15 


and it waa parhape іп this way that the idea of employing animal 
trastion in agriculture reached that black carth region destined ona 
day to become the granary of Athens. From жопе Наза 
perhaps from Asia Minor, thongh tha latter seems on the whole the 
lees Нау source—the usa of the plow spread to the Dunube Valley, 
It may pomibly have appeared there dering phe latier half of the 
third millennium before саг era; for among remains of the culture 
known ая Danubian II, which seams to have arisen about that time, 
thara have been found large atone implementa interpreted һө plow- 
B Fer кіргізіп терпенлінісіні B: (ba actin Спиаа pre, ні. rune, Bir Aria T., Бері Ына. 
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shares.” "The lniier may, it is tres, have belonged to ши алт 
implementa; but in anp ease ii mema fairly certain thet tho Danube 
Basin knew the troe traction plow by the beginming ef the second 
enillennism B. C. 

Tt was perhaps both through the Balkans and either directly irom 
Ань Minor пе elan through Crete that the use of the ox-drawn plow 
sprati to Cireeoe. For Hesiod speaks of two type as in ай болц» 
rently іп hia day. (M thems, one, very simple іп construction, may 
роайЫу һата been devived from Central Europe; while the other, 
considerably more developed, points rathar te contaetamith the Aegman 
area or possibly with regiona awan farther to tha east. Both forens 
hive single handles and also lados, but apparently not metal иго. 
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Chur paliesti knowledge of the ancient Greek plow we owe almost en- 
tirely to Homer amd Hasied, ond, в little later, to the vase painters 
(fig. T). | 
Їл Italy there seems Lo have been little in tha way of true agrioul- 

tere during Neolithic times. Naš until ibo Bronze Age im the truc- 
tiom«plow Sound thers. Purhúpa iç was introduced by the Torro- 
mara раар г, Нычнін!! Ма тағы "Praoto-Itallsi^—imvnders [rom 
the narthaast whe appeared in Upper Italy somewhere roum 1700 
В. C, bringing with tham а highly developed mgriclhsme.? Оше 
earliest. concrete evidenes for tha plow im the peninsula la probably 
that. found їп eertam rock drawings la tha шагыл Alpa™ "Тінен 
are genezally boSered to date from the mente millennium before eur 
т RRS thy Елттайт Alemania, ырлыр dul rig irem Berita eerie, which gear La Ling liis 
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era—during the period, that is to aay, whee the influence of tha Terre- 
gnariogli was making ital felt in nartharn Italy. Tt seras unlikely 
that thees petregivpha ғап have been the handiwork of the native 
Ligures, whom Posidonine describes in the firet contugy В, C. ая “wild 
husitsmen, almost ignorant of agriculture." , 

The plow shown here waa composed of two pieces, a combined 
handle anal point and a beam. Se for ag cur evidence gots, this wns 
the only form in use in Italy for several centarics.* Ші waa nppareütiy 
nob until the earlier Ба! of the firet millennium В. C. that, there wns 
introduced an improved form, having a кізе, ший comparasbbe in oilor 
respecta also 1o the more developed type mia lined by Hesiod.” Ты 
arrival in the penimaula waa protiy surely eonmected with the move 
menta which lod to the settlement of the Etrüscans worthwost of the 
Tiber and. ef the Grecks in Magna (гінің. 

During tha Roman period agricultural implementa of all kinda 
underwent ñ marked development, Among the new devices then 
adopted воот tà have been mould-boarda, à wheeled forecarriage, ший 
definitely the бөш ог" “These improvements were perhaps the work 
pot alone of the peaples of Italy but also of some of thosa dwelling 
beyond the Alps. In any case, they were diffused over а large part of 
western and central Europe, where ther evidences аға viable through- 
out the Middle Ages and even down to our own times (yf. pl 1). 

That the peoples of the Iberians Раіна had the traction plow 
balora ibe omen óesupatiam is certain; but па to the date of ita first 
appearance there we аге quite in the dark. 14 паву bere been inire- 
duced there during the Celtic invasions,” or, eves aber, from northern 
Ttaly, between whieh and Spain we know that them wira contacts. 
The Celtiberinna had a two-piece plow without a slade asd in general 
resembling that shown in the Ligurian petreghyphs;? while soma ої tho 
та іе Spanish and Portuguese plows weed down te recent 
times recall forms found іп central and even eastern Europe. ‘The 
Grecks and Carthaginians can of cours seareely have failed to bring 
with them improved eastern Mediberranogn types. 

Hagarding the presence of ihe plow ia North Africa (weet of Egypt) 
before Ше former half of the first milleenigm В. C, eer 
is alight. In early historical times the Libyans som on the whole 
to have been pastornl ;** yet they grow cereals in the time af Merneptah, 
lets in the thirteenth сашигу B. C^ Aseng the modern Berbers 
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there has been noted am agricultural complex, apparently of great 
өре, including along with many magical practicem the mae of tha 
ox-irawn plow, regarded às sacred," Agriculture іп North Africa 
mint have recived a great stimulus from the planting of the Phorai- 
tian and Greek colonies along the littoral. The Carthaginians im 
particular developed it to в vary high pitch, ая we are told by more 
then оба ancient writer; Colymella, for exnmple, in the first century 
A. Dh, өтеп calla Mago ‘the father of husbandry." 

Ii was most probably during the Late Bronze Age that. the ox-drawm 
of tbe first та Шғаліша В. С. During the sume period or very early 
in the Teun Age it seema to have appeared іа Britain; although some 
have банны Ив arrival there before the Roman conquest іп the first 
сепбштт А. |0,4 “That the earliest British plow reeembled those shown 
in the Ligurian patreglypha seems Hkely, while Ив ultimate derivation 
from the Dasube basin hardly admits of a doubt. After the Saxon 
conquest the older and lighter Celtic plow was In a measure displnced 
by а heavier опе, drawn by as many аа four yoke of orem—a type 
petap devised іп South Germany during the early centuries of our 
гай! 


Tha same form of plow sa thet first found in northern Italy and 
[n all likelihood in western Europe also reached the Baltic area. АВ 
artid bas recently appeared andertakieg to prove, through a resort 
to pollen analysis, thai a traction plow found in a peat-bog at Walle, 
in East Friesland, belongs to Neolithic titi saring to thin 
author, as long ago аа 3500 B. CG This would carry ын back жа far 
as the frat recorded appearance of tha plow in ancient Sumer, and 
ваа ир Бен а remand millennium before the вым probable date of 
ite arrival in Central Europe. ‘The writer of the above paper further 
penta cab that tha Walle plow is віва to teas shown on the Certosn 
sibula and om certain Greek тавеа— һе implikation, of curse, being 
that the буре persisted practically unchanged for somsa 3,000 years, 
during which id diffused itself slowly scuthward from the Baltic to tha 
Mediterranean, 

Any much байа as that claimed for the Walle plow as, 68 а priari 
grounds alone, moat improhahla—umless we mre prepare! to adimit 
for the prehistoric Germans а wholly independent focus of culvare 
development of their own, somewhers in tha Baltic area. Moreover, 
valuable às i» pollen analysis for wma purpeass amy effort із artab- 
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lish by that method alone the age of intrusive objects (particularly 
heavy ones) found im pant-bogs is, to say the least, extremely haz- 
шил. Finally, the Walla plow seems crudely constructed rather 
than truly primitive in form—which is by no 3 Шы айлын thing. 
We shall mead much more convincing evidence any ов: yet 
aiduced before we can accept tho morth of Europe, whether in the 
fourth züilennium Ê. C. or at any other time, as the bi od 
the traction plow. 9; 

That the latter waa knows, however, in the Baltic arca during the 
Bronz Age or, ñb latest, early іп that of Iron is certain, Depieted in 
the well-known rock-drawings of Bohuilin, ів southern Sweden, nre 
plowa of two types. Оты tpl. fig. 12.0 two pieces only, is closely similar 
to the form shown in the Ligurian petroglyphs. The other is like it 
gave for the addition of a third member in the shape of n crosscbrace 
üdentieal im function ie that found із the later dynastie Egyptian 


симінд 8 plow found im в bog 85 Deéstrop, in Jutland," strikingly 
like the-simpler of the two types seen at BHohnalkn, states that it ia 
dither of Ње Lata Bronze Аға or early іп that of Iron." In any case 
it ama clear that the credrawn plow was known in Sweden by the 
middle of the fret mallenmiumn В. C. or possibly п few centuri 


earlier, 

The Swedish "ротою "long drawn by hand and only in eam- 
paratively recent times by mares or сазға, eloaely reasmbled the bwo- 
piece plow at Bohuslün. Like the latter, it comisted of only two 
Ear hara combined Бавно amd point and в beam or pole.” In 
Sweden as claewhere, what seems to have been the балаг method of 
traction, hy human power, long wervived ве by side with thai 
which depended upon the use of animals. 

The unmistakable resemblance between the plows shown іп the 
Ligurian amd is the Swedish petroglyphs ін besi explained on the 
aemmaptien of derivation from a comes source—nlmeat certainly 
the valley of the Danube. 

Whether the Indus (іт бет had the ox-drawn plow із Вз yet 
unëértasn 8 Worthuvetarn India waa, however, Ea active гогпешегеіні 
S parik- Frias, kaz. dia Mains and Volt. ӨЙ. Bi, D. H, TEN. 

ЯАГ ыг, Farid. UTE балары. р. ІНІ. 

а Ta гуригар pior la кетет ба Маша. Бос. нэл des LEKE diy Mani, НҮД, р. T, ба Л, In га 
matina wiih ан ытын oT Бере мы ipud іп брови 1. 

а Та Hem BAG ад Бус Аль өрені Bi barr beum eet тэг бы: са ӨМ В. О, 


akaye, H. U. Ріната кы: ыз оны. p- 115, ТП. 
E Mendan, Er Ms, Маде Dino iss Iba із алады, ті. 1, p. Сү ты. 2, p. 451 and mete li 
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communication with Babylonis at a time when thé latter Bad already 
long kmown the plow: hanes Ин contemporary use im the valley af 
the Indem seems at least posuhle. At all eventa it wos commen 
there in Vedic limes; and it appears to have spread over mich if 
"i^ ms пота шаш beire the middie of the first millennium 


g^ ancient Jodan plow (fig. 10) reached Burma and southern 
India in time, and it was carried during Ше earllor cantarios of our 
ага to portions of the Indochimese peninsula and to taala of the 
течи notably to Java. "The form still used in Bali, 
with Ив ашайды beam amd iba lack amam of a cross-hrnee, weirs nn 
epetially archaic look; while the Sünmese rice-plow betrays strong 
In Central Asa кой emough archeological work haa been done ая 
үні to provide us with any clue ва ba the date of the first appearance of 
the traction plow ín that region. Forms found there today, how- 
ever, тейге those used im the Near East—a fact which betokens 
comtaeta of some sort. These Бате, of cares, been constantsinee tbe 
period of Mubasumadan expansion north and northeast of the Moun- 
iain Zena. “That ther wore poing on far earlier ін no lesa certain. 
Common wheat (Tritico vulgare) ond barley (Hordeum düticlhum), 
regarded by most. suthorities as of southern or southwestern Aaintie 
origin, have been reported from a site in Russian Turkestan prohably 
of the thin millannism В. C." The undivided Indo«Irüniüns, pere 


century В. û.) мәне clearly indscates the existence of relations of 
some sort with the lands north of the Zagros and the Hindu Kush, 
The лїгїкишүрєїп of Aristema of Ртопниняса betrays ап intimate 
knowledge of Central Asin." During the Intter half of the sixth 
cnbarg B.C, bath Cyrus amd Daria paŠhed their conquesta far ta 
tha northeast. Quite recently thers have been found in Chinesa 
Turkestan Greek coins of the third centery В, C, from the kingdom of 
the Basphamaa t Thus all in all |t asama evident that во fur аа oppor- 
шша went, tbe iracion plow кв!!! Іште reached Central Asiatic 
regions xi almasi any dime during the first two millennia and more 


шБышы. Шы. Бел, Ғы. D, Oem نتا‎ ees ns ف‎ шалды Ë sia Gee ka. D. 
WounhLm Tipim, of Tale 15а 

"a Pos ры Т, Lapban, Барлығы іра. bu Teil, ғы. UL p. 474, ШШШ рт Шаһат4 Бабалы dang 
Them. rel. 1, ЗЭН пі ee tied Ae brieg A ПШ irl eed DU. D. appear te: re 
reri evil 

Ян ын! Үнсэн, Ты karaa nnd C perd р ІНІСІ Tiaci5eIx3de-FKurepenem us cl kad iba 
peo paleas ты Lese dapes sore ini hanan sima تا‎ 

9 Рыга Timaha ibis qusqaku. uw ухан. D. T, Бас ал Chika, TE. 

ч Быш ст. EIAS Dp Малын шып ies Сааһырыы, Жағы Fe Ваал ме, SET San. 
arm. 
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This possibility із further atrengthened by the fact that thé variaties 
of wheat grows in Central Asin and even in China are identical with 
these of the Near East Wheat (T. eulpare and рег ale T. 
compuctum) had reached Chine by the middle of the ium 





of two fei—iniplements of the foot-plow das-—depisted side by side. 
Further, the pictegraph representing в single ігі became the deter- 
mimative or "signifie" of a lanpa class of characters having to do with 
agriculture. It seem likely, im tha light both of numerous existing 
survivals and of certain statements in tha ancient Сіла ішкім, that 
hamas traction ales was orca widely employed іп Бага Ажа. 

There із no mention of tbe ordran plow in China during tha 
earlier Ызба] period. This might be taken merely for negative 
evidence were it not that we find the definite statement that it was 
introduced “about the middle of the Epoch of the Warring States" 
(408-255 В. C.]—tha& is to вау, sometime ів the latter half of the 
fourth cantery before our ага," 

This dating is significant. For it wos precisely then that the fesdal 
atate of Ch'tn “—eorresponding roughly tò the present northweetern 
province of Ghemsi—amnexed the satam termini of both the two 
great landsruutes linking China with the Occident! Of these, one 
was, of course, that traversing Central Asin; whale the other connected 
watam China, by way of Burma, with the valley of the Ganges. 
Wow Ch'in was moted mot only for ber devotion to wur bug also for 
ber encouragement of agricultars and her receptivity toward naw 
ideas, She, mare than any other Chinese state of that day, wold 
have been likely to welcome and adept the traction plow. 

By which of the two routes jest mentioned knowledge of the plow 
mada its way to China, wa cannot say, Possibly it may have spread 

ва Yaris, Hf Te Cya раа Dates Geren кайан. Sir kahit A bee 
ence ood ararat a, i ppl. Л, р. Міне mann p. ШЗ, Lai pasa. HS. 

Tor ніту Varies a ғына, noa W pš Л вэ. 4... BL, Tit origi, еттегі Балық, Antiqui, Pul T. 
gt Їнэн kam ішігі Noti LË Bremar ell Lom тіндігі Zea pa 6 La fallar рызе К 
Ын Тайга zT er. 

= Far (hiq clinics Гага HE ta Ге. i Wr, Manai 

m (hm ниш тїш нийн dal deni беби imer ka тїй Li Êrê СН aed Бы 
Üben manaqa, Ёех FU галын бое ыға ы СЕ." 

4 ba кыга ла be Far Exon робу maana зїй кэм наш ip pórbapa Rare cry нан pcr aru, Titi 
TW pia Жыра kapan: ka арры Ил pont harm Тб makinat 
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to the basin of the Huang Но (the Yellow River) through Central 
Asia; and to tha ol the Tangise from Farther India, along the sumo 
path ая that taken in prehistoric times by rice, the domestik fowl, and 
other culttiveelpmenta In any casa, oned it had appeared, it seama 
to have spread within а century or two over most of northern and 
central China proper. 

Ti [в noteworthy thai when the need arces for a written aymbal ts 
denote the new implement, fae determinative chosen waa not that in 
regular use with ideographs having to do with agriculture (pee p. 848) 
but the character for "ox"; aa ibough in the minds of the Chinese 
scribes the signifisant thing about the plew waa not so much ita use 
іп tillage ан ita amociation with animal traction. 

Тін Ғы Eastern plow of today m frequently (although by na 
mpana invariably) dawn by one or scenebimes two animals harness] 
with rope trao to a swingletree pivoting om the ead of à Боге nnd 
usually much curved plow-beam (різ. 4 and 5). Whether this method 
ef attachment ің really ancient in Chinn ін uncertain: bot we know 
from ihe evidence of off paintings that it was in uan at beast ал for 
back sa the ілгей Еһ century А, ПМ 

Werth of Chins, in Mongolia, the sedentary "Deasant" type of 
culture which cocupeed. that area. during Neolithic tines had given 
place, apparently by the middle of the first millennium В. ©., to a 
pastors] nomadiam поё unlike that found thers today. In this, the 
ре In aber d'irections—east, west, 

and scetb—ihe spread of tha traction plow from China sa a secondary 
canter of diffusion went on apace. — Here the Chinese &ecoumba are of 
particular talus for the light thet they throw upon the workings of a 
process which in the lands of the Occident had gone on largely un- 


Thus it was Gom China that ibn plow reached canteen Tibet— 
acconding io à lube scareo, in ibe carly cemborios of the Christian Еги; 
in the аялга! and westarn perleman of that country, ы we might 
expect, Indian сотта are mone apparent. 

From tha Yangtze Valley the plow traveled k thal axe mew south 
ern Chima and French Їл нь, perhaps іне! before the eom. 
memeerent ef eur am. From эш нг China, around the вага 
реніні, dhe plow reached southern Manchuria amd Korca. Either 
from the latter cxantry or directly from China it was carried, about 
the АҢЫ oz sixth century A. Da to the Japanese islands, Bat there 
it never aequired first-rate importance, tha peasantry placing depend- 
ence rather upon boss, mattocks, and implements of the foot-plow and 
сааль галт class, 

m Ты кезен ОГ ГЭЛ Tiaka" бо Сын ban mawar read Шы цагаа тігін ң маға 


TH елің Da ep эхэн m gar pr dari a lamaran of Tha Thine Н тшшн bua Dr үеэ бсн, 


Bè lba роман! гаў. 
W De. д. WF. ИЕЫ bka выр Hodiy ынаны la жу leala өлөн palniku ni ¿bai period ka бн 
decli] Бы rmi rmi. 
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From China, again, the traction plow traveled to the East Indinn 
Archipelage, occupation of which it shared with the type free India. 
Generally speaking the line of demarcation between the two fields of 
cultural influence axtenda, though with many inlerpengisscinn 








өші-енпітеі Tibet southward throegh the 


thence winging of in а seuthenstorly ЁШ donesiñ, 
Formess, the Philippines, and Pars fea Tema of the (hanes 
aida, while Sumatra, Java, өлі аг пейт neighbors fell within thé 


Indian sphere, Пі seems to bara been only in this quarter of the 
globe thet the traction plow ša ita earlier enrear penetrated, albeit very 
slightly, south of the Equator. 

Tat us mew summarize briefly the resulta of our inquiry. Them 
ығып to make it fairly clear thot the traction plow appears аб pro 
gressively later dates the farther we travel, in whaterar direction, 
from the region where we find the earliest indications of ita use—that 
ia to say, im the ancient Near East. Moreover ita extension, so far as 
wa have been able to trace it through written records, Бая invariably 
been due to difusion—to cultura borrowing, aver to repeated шавь 
pendent invention. There із every таныш to believe that the sama 
holda true for prehistorin times, ales. These facia go а long way 
toward accounting for that essential anity underlying the арешт 
systems пров which have baen based the great civilizations пі the ОМ 
World.” 


w Em this сану, ша Laser, Fani, Entxtakamg 151 Tarimela Gas Fig, р. НА, ШИ, хн Ык papan in 
Шааны Ваа 4551 [z Жағы 18. 
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HISTORICAL NOTES ON THE COTTON GIN 


й 
Ву Е. ХЭН” 
Сағын, Пет af (| United Sater Майны Muris 
pe EES 
| йл 4 planes] 
L INTRODUCTION 





Tha abory of the invention of tha eotton gin in 1793 hy the young 
Yale University grüdunte, Eli Whitney, has been told many times, 
and in tho main these accounts agree, though differing widely em 
minor details, Аа ів the ғаға with almost every important invention, 
laima havo bern made that others then the real inventor should be 
given credit for the discovery of the original idea, for the first pras- 
Uca] machine, or fer really “potting it over" and making the inven- 
Hon a suede, “Tha history of the inventien of the cotton gin, with 
all it hna meant to the South, ін no exception бо the usual story of all 
our sucessful inventions. 

Local iraditioma eoneermirg the details of am event many yenrs 
after it hnppesed üre often impossible either to verify or t disprove, 
and some of the stories relating to the inveedion and introduction af 
dhe entice gin are in the same class with the universally told story of 

Tt is not the ретрове to sketch bere the life of Eli Whitney or to 
retell the events leading to and following his invention of the ection 
gun Беанид Ын mama, Olensted, Scarborough, Hammom, Bates, 
Tompkins’ and others bave told this story; thelr accounts, while 
өштесіп іп the main, exhibit many discrepancies and ecntradiotona 
and sometimes strongly reflect sectional bins. A recent study, how- 
aver, of many of Whitney's letters, of numerous early accounts of bis 
activities in the South, and of several models of the gin thot аге still 
in existence, has thrown soma sew light om the nzewers to n number of 
queationa that have been asked in regard to the origin and operation 
of the Whitney cotton гіш. 

fines moet of the publications exnmüned ата out of print nt this 
date and many of the parts of the periodicals referred to aro not 
even to be found in mast of the larger libraries, it has seemed ndvisable 


in collecting these historical serapa to quote directly from the publica- 


опа instead of merely giting references to the literature consulted 


Rey р, BM kon Ий o peered aun a ме. 
ма 


в 


ақа) ANNUAL REPORT EMITERONIAN INSTITUTION, 1087 
П. ELI WHITNET8 PATENT 


Owing te the complete destruction of the United States Patent 
Ойга by fire on. December 15, 1856, amd the consequent loss of all 
modela ‘ind npecifications, the question has beam raised as to what 
wore the orginal specifications of Whitney's patent and what kind of a 
model did he file with Eis application for the patent, 

"Whitney filed his ар the Secretary of State, Thomas 
Jeiferson, on June 20, ч Ha hd left бірлерін immediately niter 
signing his partnership agrement th Phineas Miller, an Мау 27 
e dor has дирин сі олиги в ШК ре ба Patent (fice, в. 

law required. He sinken thal Һа want tò New Hawan, Cona., for 
ree кз he could not obtain tha necessary materiala in 
Georgie. Ha writes from New Haven to his father in Westboro, 
Мыз., on September 11, 1703: 

1 reburzed do the Moribward for the parposs ОЙ having а шал аа muda an а 
large scale amd саса & patant Dar ste iren. 1 weet be Phiaddphla soon 
efter I mrzivezi, nude тата мүсіні with he Hepa neeeemry $n obtain в 
Fata, took several of the elope, кезі Ve Beretary af Bada, Мг. Jefferson, agreed 
bp send iba Гана іп me ља Boon ва H: paychi be made eub Ба Iappsebenées zo 


difeeky ia obiaining the Расі * € * Aa вова ва D hava got û Patent In 
America 1 shall go with the шағыла 1 вава uw aking, бо Georgia, тінге Û shall 
ий few веди іг вва |Ң work * * + 


The prevalence of yellow fever in Philadelphia delayed finishing Ын 
business іп гаг to tho patent, but on October 10, ITER, he sent а 
drawing of his cotton gin to Mr. Jefferson. As а matter of safety, to 
prerent being anticipated br anyone elas in tha mattor of the patent, 
ba took tha precaution to appear before Elisur Goodrich, aldermen 
aed notary ра of the city of New Haven, wk cortifies ая follows: 

Тыл іш md city оп the егеу ыл day of Cebober, ore thousand, seven 
Bureired and sinety-Urrea, КШ Whitney, tf the rantiy of УГагсашат, in the Com 


баё, Ша abi Alda and Noisy, and made a memo сайн, Thal he dom. 


veris Бекке Elba t ha, у вай ТАЙ, da he tena Grenier and discoverer ed the 
machins far panig colon, & description whereef ін hereto annexed hy me, the 
ва Alderman ad Seder, by my mal Маны, and thet ho, tho zahl Whitey, 
wells bellewem che a шан шан of similar сонийгэхЕнз balh тайнен before bea 
known used, " 

A long, carefally detailed description, includimg alternative meibods 

of consirecting certam parta, waa given "under five divisions corned 
ponding to ite five primeipal parta, vir: 1, Frama; 2, Tha Cylinder; 
i, The Breastwork; 4, Tho Clearer; 5, Tha Hopper.” 

Whitney closes his desnnpéson with the following ай: най 

"Tisa ізгерсін in ac deste р Шэн of Die machine Гор leaning eê kan allufed pn in a 


Petition of ihe scheqriber, dated Phisériphia, Jusp 3665, ITH, and lodged іш the ` 


alfiza cf ibe Босснёагу of Basie, all alleging {Һай be, the тоаг, be the Пелла 
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of the мл mashing, acd кікшіуірд Ыз deira of ablaining an exclorive property 
dn the panah 
Ascending ta law a nodal was required for deposition in the Patent 
Office, and on November 16, 1793, Thomas Jefferson wrote to Whitney 
at New Haven, па follows: 
Сазбылнтоғн, Mos. 28, 1788, 

Bin: р Ган 
Your lavor of Oct. 19 esclosiag a d'awing of your eothon gin was received pa 
the Qh inst. “Tha only requisite of thijaw nom шинэ with із the forwarding 
af n model, whith being racahrad, yaar Е mas Ба reads өті and delivered bo 
жиш à Aa the Eales of Үш сін, of whieh T am, carries са көнені 
тазайыгілге of coilion by à great axtenk, ая T alm da muni, and one of cuf great. 
ars bsranassisnta la kha chasing the cotton of tha кенін, [ feel ñ considerahla гарын 
dm the memi of your invention for family use. Termi шн, therefore to ask 
infcomation frees you on nan polsin Has the machina bean theewaghiy tried ба 
the ganing of oben, or, ін It yet but a machine of theory? What quantity of 
action kša b Sane en mn average of several days, and worked by haad, ud br 
bow many hamata? What will be the goat of coe of thes do be worked by hand? 
Favprahle animen to these questions woeld indices me to engage cor of them Vo 
ba forward! te lakes l far ma. 

Wishing бо beer free yeu. on the abject, I am, Biz, 

Tour meat с ыы вегтаді 
Tu. Јеғғаазон 

The personal interest shown by Jefferson prompted Whitney їе 
answer his questiona on November 24, 1703, in the following words: 
Tt is about à year einen T Bra ботамі my інісі lo ooneteticting thin шаг, 
ai whieh ime [was [n the Воде ой (шй ТЇШ atout ten days after my тн 
eeneeption of tha plan, I made a small, though Imperfect model. Experimenta 
With һын coceecaged me to make ore on a larger scale; but the extreme diffcuny 
of ргесетіне wor lamên and proper materia] Dn Georgia prevented my completing 
‘the langer өтер чай вее le April Last. Thr, Фоа mae langer thas sy 
dirai мінгелі, la not above one-Lsird аа lange ña the шалы раа шар 5e made with 
театрнын. The cylinder la only З eek 2 нх in bagh und atr inches in diam- 
тт. IL ба інгпей by Aami, and готова the wireegih of one man іс мер H ба 
darani motion, (It ін the winter! ішік of coe pogro bo «сал: ЁО weight ШІ masa 
B) pounds after H Шш асрагайнй from the aed], of ihe green seed silan par day" 

It bs evident that Whitney waa delayed im preparing the model for 
dhe Patant Ое, ав the patent was not isued until March 14, 1734. 
All of this tima Whiteey was іп New Haven. | 

Tt is а matter of importance and of more than mere historical 
interest to knew what this model was like, and exactly what me- 
chanical devices were shown om it. Ав already stated, the United 
States Putent Office was destroyed by fire on December 15, 1828, 
including all medela, drawings, and specifications of tha patents 
which had been ixsued up to that timo. 

а ара. П.А. Она авд балын ай, p. іші, OS Ран, В. 1. DL. Барих ох Аргіліішей мей 
Canes аы Mosi, p. W IEH. 
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But der tere fartunnta eireumastaness we might never have koowa 
the exact specifications and claims of Whitney's patent, or the mechan- 
ical Éegkurws shown in his original model, deposited im the Patent 
Office early in 1704, Dering tha 10 years between 1705 авд 1505, 
24 suite for infringement of his patent rights were instituted in ihe | 
Unito] States District Court of Savannah, Ga. In the suit арал 
Arthur Fort and Jobn Powell екені in 1804, a copy of the вера 
ӨГ specifinaiions amd а sheet of drawings wore filed with the court. 
This copy was certified to by Ја Madison, Secretary of State, 
April 27, 1804, and м ан а part ef the court resorda at Savannah, 
The papers and tha drawings were republished by D. А, Tompkins | 
im 16012 and өршіп by Chas. Bonretë in 106884 

The other record describing and шигайнр УГ жүн invention 
was printed 19 years later, bot still 9 years before tho fire which 
destroyed the original model and patent papers. Jobn Š, Skinner, 
the editor of the American Farmer, іп 1823 published the following 
EAA TIER! 

"Шип wë въ Eka allpan g арасат of Impeveremonta muda on ecilon pina, 
by De, Husi Kaik, rear Р-р, Міншіліргрі, wa кроной bo Wm. Тікнібсі, 
Ева! of Тайна Ci for а бивг Цана Whlbmey"& сейв іп from the 
Paieni Оёх, ihai wo ші plac before cur readers a нарын кіре of as 
lmportari a тас and ягал др ай ef them do undarmiand ibe nabum сі ihe 
peparbad таматын [Bes pl 1.1 

Ebr Skhnuer then gives а short desriptlon of Whitney's gin, 
mech leen detailed than the very full description in the schedule filed 
in 1804 in Georgia, ond à weed eut of the model in the Patent Сев, 
‘This illustration docs not indicate thas the model was equipped with 
eircolar sawa. The “cylindor" is described in the following words: 

Cylisder ін sf word, На Гог da pazfoctly described by [ба таптар, and Ню dimen- 
Шола Say ba [rem a ús кіні leeks Ін сатыга, кә [rom tee La five ты Ін 
Ка * + 8, Tie sius of ihe cylinder la Па with izeth, sek In asanlar 
riw, ТЫНЫ ага ni êh а Пігінген ігсіп each ihar, ú іп істі а ёс ли вм! da 
play у [m Шы space bobeen Chem. Тін иран Їнэ лэн: (дез |А im kê same 
гет, isa ual ña nci be adita ei zar bal m med dg soles H, Тіке істін 
are reals АГ. ines, driven data ihe mend s! the eylindar, the lik. аға іне 
la. Ela. mame way, авд ік шин, а manner, thet the angis ізіндей bobman the 
жин, яг! a шапа! diners (rom. Ebo poled, Into whieh Che ‘tolls Їй drives, will ba 
abil БЭ оғ degre "o7 т. 


According t an act of Congress passed March а, 1829, the Patent 
Ое waa authorized bo інен! 8100 {КЖ im restoring tha specilica- 
Нота, drawings, and medela of the burned patente, by obtaining 
dupisentes of them from (be persona pomessing the originals. 

F Ташый. ТЬ, A, Cotton шш cotton ail. pp. eH, ЇЕ. 

Башын! Сал. Салан шый Гайнан (1 ewe, T4. H, pg. 1-2 iO, Ар. |, іші 

Еве, Tanri kan: mes (ba ira ааваа gi Ра таайа ma] mia аўта rp Thaman Farm: іл түтікте 
Lenin іше. of Ка mi Ша чар д Ceremony геч аа rd lem raga | Cece 

на ялын, ығына, val. 4, рр. керн, нв И, HEL 
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Tie models destroyed were about 7,000 and the records covered 
about 100,000 inventions. The work of restorniien сопйшушый for 12 
yoars, and something over $88,000 wee expended cut of the amount 
allowed. Cha page 125 of volume 1 of the Restored Patenta, there is a 
record of the Whitney patent of March 14, 1794, entered in the beak 
on May 2, IHI. It opens with a certifaate by James Madison, 
Secretary of Biata, dated November 28, 1803, and reading in рагі һа 
fiers: 

I сег ір, that kha алпа tres copies of в Patent granted to Eil 
Whitney ca the lih day of Marsh, 5 1 усыг ora thecam seven buedred and 
ninéty-four, and of the Specifications annexed Бегей, eom wilh kha Боні 
еге, кісі with ibe саййга! Bpeeifieation, remaining са lila ia the offen. 

Then, after writing in à copy of the grant of the patent, signnd by 
George Washington, und the certification by the Attomey General, 


The achedule refereed bs in these Letiers Patent іс making рагі of the same, 
соль ий а йш tha weeds of the sald Eli Whileey Kiel! of ал шргана- 
mani 1а Шы êdê af Gimning Cotton. 

HA Short Description of the machine invented by the Subscriber” 
exenpbes part of page 120 and page 127. This іа iñ the вате wording 
aa the “Short Description" furnished to the Amerenn Farmer, by 
Win. "Thornton in 185." 

D. А. Tompkizs, when publishing the detailed description taketi 
from, the records of the Georgia Cireuit Court, already referred to," 
printed in adjoinizg columsa far comparison, the “Short Description" 
which he copied from volume 1 of the Restored Patents in the Patent 
Office. Не called the "Short Description"! tha “Substituted Patent" 
and questioned ita validity because of the following paragraph, which 
ол page 128 closes the "Short Description: 

Tiere ага several mates of making the various parta of this mashine, which 
tegetber with thelr parilclur shay and feemakion are pointed owt asd explslped 
Іа a Daasriptisn with Drawings, atlasbed ва the aci directs and lodged ia the айраг 
of the Seerstary of Biata. 

This paragraph also accom panies Commissioner Thorston's descrip- 
tion, furnished in 1823, 

Оп May 2, 1841, there was also copled into volume 1 of the Restored 
Patents, са pages 85 to 93, the already mentioned long description, 
in detail, ûf tha Whitney invention, closing with the certificate of 
Elius Goodrich, dated October 28, 1708. Tt в iirodueed with а 
ceriificute by James Madison in practically the same wording as that 
already quoted aa introducing the wording of the patent granted by 
Washington and tho “Short Description", but In this case the date 


} ingiven as Movember 25, 1804, instead od November 26. This detailed 


шм. 
m Pepin, EL id, Cotton вэ! polla p fis НЕҢ НЕН. 
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“Not patented," and this description, evidently for this reason, авгай 
never to have been refereed із before. In the ор хоро tha writer, 
bath daeurmanis, as restored, ate pecoasary to complete the restoration 
of the Whitney patent of March 14, 1794. When these two doyo- 
ments ere kako together, the long dgecription and drawings declared 
before Notary Gondrich, and su enüng the condense] descrip- 
tiom filed with the patent grant itself, it will be seen thet tho "several 
modes of making ihe various parta of this machine = " = pointed 
eut and explained in à deseription with drawings," which so purzled 
Tompkins, ага undoubtedly the alternatives given in the long desczip- 
Hon and applied only to the formation of the branstwoek and brush 
lindar, 

"Шат Scarberoagh, of Georgie, in Ыз айа. of iha lifa of iha lade 
El Whitney, published in 1532, gives a clear description of the 
eplinder, the prespal part of Whitney's ши ла. He begins his 
account of Whitner'a activities with the following paragraph: 

Tha бнаа whieh Годон are wholly derived from memory unassisted by тооба or 
maman of any kid, bat ikay will ba fesad tarball. Thad 
which took place алено ba Мау 178, when the бал сі Mir, Whitney's gine was 
pal ln араг на waa dern from à majh iba] andi lamenbed fried whe 
ты the family physician acd intizuate trend of Мг. Phinews Miller, and that of 
анығын Aube occurred wader ihe eve. or do the imewledge of ihe writer of 
ЗЫ aksi. 

In telling of Whitney's very first trial model, Mr. Scarborough says: 

Ї солио af в Ferien су ас, similar bz the ныт of ап осрап, with Esas 
ойл inserted [n atra gs тува, between whieh nin alate of iron were plated fore 
Їп rarer proces thewagh whlch the bath on tha cylizdar схн 4 тєтсётв thereby 
touring oT ihe озды [reus the aed, Ше dropped beku. 


Searborongh eontinzes with the story of Whitney's experiments 
= plnntatian, and again mentions the details of tha eyl- 


Mr, Ыр prsseded te the Mert do have mere perfect models prepared, 
and be meum thn paient right Іп ibe тална of Мо and Whitney, which wi 
кезг dene. The еранын waa harê paneer with АН ал ат Цийага, 
Eha ara wilh bte berî isch Eating Шшаағтызй, aid Ye (lur чы Ин Ue аю аг missm: 
кі Mr. Whibsey ве termed them. His friends, атасы the number of whom was 
Mr, хань, (Talked адаа аваг from  сапие еш), seemed іс ba of iha 
têl inn Dad іне сойса илнэ by the former (ihe bari teeth) had a better appear 
арға Ши dibus бақы by на litis. TE гай large gin act Гар operation by lares 
power тал amma gly made with the bent beth; and i the writer of this sketch 

Tinlad, ГЭ, AL, HEHE зул ей, рт, He, EL 
ч Dr, Lari Есігі. 

T ай beru іңтілілггін, тї. E, p. Em, асының тілі. 
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Іштегі zsininformed, H Їз «ШЕ Ёл ехініггее ad МШ нер Grave. Ни! Ме Whitsey. 
һай, from greater ziechanisal knowledge, or reme olier Чаан салы, 
deposited im the Patent Оны the mide! with the annular валға А! 

Ніз last statement concerning the saws eontradieta Lir. Thamtan's 


deseription and drawing of the Patent (tice model. 
ІШ. MODELS OF THE WHITNEY GIN 


атан тарп ар ен Edel IN ca d 
ян ar upder“hls direction, before 1800. Some of 
fiam are still in existence, nnd itla the desire of the writer bo 
record some bite of information about then before their pedigree 
in last. 

The moat important model із now exhibited in the Textile Division 
ef the United States National Museum (pl. 2). It waa deposited by 
ЕЛ ТҮМ jr, ia Галиндан 1НЫ reece 16 kee kam Пи 
Secretary of the Smithseninn Institution, Spencer F. Baird. In 
transmitting the model, Mr. Whitney wrata: 

We have a meii, опа cd F reda by mF Wiha = " =. There have boom 
Ф Talla bored up Їл tha Patent Ойға мМ Washlzgion. Cre im 1836 кіні L im 
18710 eld % ê s, We hare mai із your address (he Mad Сулььа, Gin 
Белет and rade by my falhar. Di would hare been mat Беінге, іні bad ba be 

and 1 hare been айный do the наа by Шама tore ñaw wanka. Рива 
have It put in a prominent postion. Елсізені рына fied a little history of thet 
lerin өн whisk Foe aan have printed ar writes опа cand = * ". Ti should 
ba al istera te every Boutherner, 

Не thus accounts for three of the five models mentioned in bis 
luttes. Dr, Edward Craig Bates, in bis Story of the Cotten Gin, 
publishes а letter written him by Eli Whitney, Jr., la 1880. 

The photograph маб үзэ of the Cotton Gin ін from a mall model бау 18 х 12, 


Е Бакы س‎ Thera ara bel bee 
ЫГ Чыга тойда кот la огде; саа кі tha libela 454 Ни asa la my 


An excellent account ef the mathod of gtanang cotton before the 
invention of the Whitney gin, and a description of Whitney s inven- 
Шоп and several modals, are given by Benjamin Leanni Covlagton 
Wailea, Geologlst of Mississippi, m 1854. 

I have had thet raro cppartenity of examining О In sú Ма paria, ай. early 
mlel of thë ша ба Аан авын ecnsiruebei under Mr. Whitney's direction, 
кїй which le сон ай АЛ la the Cryzia) Palace, la Naw Тан. 

The model shown the progra of ihe invention as clatorated En the ingenisus 
mind of [Еа anther, and Ыш zal ides meme Ba bava Bees that of sending the lint. 
ог über fron the ated, rather than that тэдн! by She ues of iha mew. The 
oplinder in the тойы la divided inte three parta; пызы. nf PL ай Ша beti nid Da 
armed with пісгі, creche wipes driven In, datiened al the sides, and the enda 
Бети Н} do an edge, ва ізетті Їл Piete VIT, fig. 5. The midde third of the eylinder 


Ғайсайыты Анығын. ТӨЛ, p. BOR, A spin 1823, 
й He Жанылай Мын, Б.Б, ҮЭ. Л, p. ER. Мат а 
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Іш provided with à similar arrangement of тс, тый Пай ая Їл ibe га, Баб 
pore ws Іп fig. 4 — And dhe гаса of thes тунг ін micunted with ühe 
ёл asw гада, шал із hee ñayan ба uae. [mas pl. A] 

Walka" description of this model, with ita three kinda of testls, fits 
perfacdiy tha model pow in the Мадонна! Museum. The model mem. 
tioned by ЕЙ Whitney, Jr.: in his letter to Мг. Bates аа being “retained 
by me" was peblidy exhibited in 1888 during the celebration of the 
eenbenary of the town of Hampden, Conn.," and was placed in the 
Museum of ihe New Haren Colony Historical Society by Miss Eliza- 
beth Day Whitney, about 1028, айыт iba death of her father, ЕШ 
Whitney, 34, wher it B pow. The writer exmmined this model in 
July 1981 and found it to be alanost identical iz ahape aud жей with te 
ona in the National Museum, except the 15 annelar rows of teeth on 
tha судат, which are all of wire, bent авд sharp-pointed like those 
described by Wailea. 

To keep the record straight for futars investigators of thia subject, 
І with here бу record that, acserdimg to а letter from Prof. Joseph 
Wickham Ное, "n Chinese copy” of this sod in Now Haven wus made 
in 1930 umder him азын for the Museum of Әеіепей and Таа 
іп New York City. 

heather model of the Whitney gan of the same aise and materials 
ая the one fret described із abso in ihe collection of the National 
Museum. This model was nmang the collection of 155.44) potent 
ray inae o ia the United States Patent Gillen in 1008 

amd diapered ік 1828 in забот иное with an Ast of Congres. Ti wis 
retained for the National Muavem by this author, alos with awveral 
thowsand models of other patanta, The model appears to be of a later 
date than the bro oder similar models, consiructed on the samo scale, 
already mentioned. Tt certainly wae not constructed by Eli Whitner, 
Sr, for it shows n mechanical defect that he would never have passed. 
The crank for operating the model is attached to the end of the brush. 
eylindar, інава of the eylinder carrying the рїш teeth, whieh mores | 
nt only omemirth of the speed of that of the brush су гийг, In the 
Record Econ of ike Тайванд (fies аға two large shesis of original 
блаа mada im 1540 which exhibit the detalla of the abore-moen- 
tiomed model, including the crank in the wrong position. It does nod 
жайла рей. to tell whether the model was made from the drawing, or 
vice таги. 

According to the иш нтр cd tbe amall detail drawings on tha two 
Cp heritage аа Egures 7, 8, 9, 10, 18, ЕА 
41 19, кта missing. Sacrpaney was ров eut 

enmeti in 1999." [So pl, 4.] 


талан, Chat. баша aud Ғыл Dil Files, vel. 3, ps d, Аре, llt 
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When (Ша author first read tha letter of Eli Whitney, Jr., stating 
“аг his father kad made five models of the gla before 1800, he wen- 
dered why во many were made when only опо waa needed to ba filed 
with bis application for n patent. A stady of Whitrer'a letters suggests 
в solution of the question. = 

Two өшін for infringement of dhe pateat were filed by Millar and 
Whitney in 1795 in the Georgia Cireuit Court In Whitney's letter 
io hia partner, Miller, dated December 25, 1795, Whiteey wrote: 


= 


i 
| 
| 
; 
| 
: 


with several handfuls af semi сойно. Wis handed beth up tn tbe jodge, nnd 
rpreadisg ont tha alll bandieeehiaf to prevent the cepe of the ginned eolian, 
ее tha jalge io tura Ube arunak, whieh he memed ba de with gna delight, 


al South Carolina for rot paying Whitney the sum agreed upan for 
the use of Ын patent throughout the State was that be had nnt 
deposited two models of his gin us stipulated in the contract, Whit- 
пара partner writes to Panl Hamilton, Comptroller of болий Carolina, 
оп January 18, 1898: 

I have joi received m better trem hir, Witney who sxpeamly тауа ihat io 
did њой sîlpelake to deliver the models by the first of eptember, bu. om the 
contracy that be reiba bo ba bound by suh 8. ооо Шан, bul that Be 
da maka them йй soon ва the prespura ӨГ his other business would allow ага 


.. 
* ak then could hare bien fairly expected from an imapection ӨГ Ун beo 
ar 


mreteta* Nothing mor windy than a more naa and hesdsome method 





m Amar, Hii. Кан. т. i p Ha ИЙТ. 
ли ин Банн тигу tariis, Tel. бы 
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cxasieveting а тай kasan machine ға a principle тысы hae been in use бог 
eight years, Than сон be expazisd from Use тома who mre in the babit of 
ааган гай these mackinos in ihe upper crinis. 


Whitney later did prepare the models demanded, according to 
"Two medela of a гі were alee furnished by Mir. Whibzey, arscuied wa ane 
ЫМ [n a жын! ampere wed masterly manner, &nd far murpasaing [n excellence, 
any machizery of the bind aver befoce seen; they were of metal and so simiy, 
sad substantially хов, tad ia hari, posibie For nar ta qui sma or 
s] they worked ағ НЬ such жала, Һай kha hopper e£ a forty maw (is wis 


m commen бөйы. The models ween highly approved and the Logidadurg 
ША mos bohato Lo do partion Во the іреп ікті, ваар ta thelr original 
алгана " = эн 

One of these medela was described hy Wales іш 1804 ns boing 
constructed 68 am irom frame, "with 40 sewn, &X inclusa іп dinnseter, 
esparaied by block tin or pawkar ematings." 7 — Efforts have been 
made to determine whether or not these official gin models are now in 
existence, but so [ar without росе. 


ТҰ. EARLY ACTIVITIES OF WHITNEY IN GEORGIA 


"here have been платоа claims, based om local tradiiona, that 
Whitzey established and operated his first рїш at this or that place, 
acd it has етеп been claimed that Whitney's original workshop haa 
been found in whet waa байнд in hia day, the "Upper Country.” 
Prof. M. B. Hammond, who pablished many of Whitney's letters from 
correspondence asd papers lent іс him by Eli Whitney, Jr., says that 
Whitney did met leave the Greene plantation at Mulberry Grove 
except to go to Savannah, 12 miles away, to procure materials and 
cotton 


І have already mentioned Searborough's statement. that "Tie first 
large gin sot into operation by horsepower * < * ний in 
existence at Mulberry Grove." Maj. Nathaniel Реле ntabnd 
that hú wa ова of thé first persona whe asw Whitney's pin when it 
wae fizet put in motion; that soon after 1783 “a machine bousa waa 
pul ep at Mulberry Grove br Mr. Phinesa Miller and several af 
thess machines wera worked in it by єв, which I frequently saw." = 

The Georgia Саво for March б, 1794, printed the following 
ad vortisement 

guru ОЕЕО 

The ашаа will engage to gin in à akna aqua] to pieking by haad, any 
quantity of che grea weed colton, ба Ube following багтаа, vir Тог every Өте 

= Араг, Dii Bar. fe А. p. 1200, Du. 

B іле. Deer. Bel, ame] ім Чїй. TL F. БЭ, Duwcmry Цаг 

н қат om Гэр Abiria ээ Genter ot Мішілетуді, 1884, рр. D00181. 


E Kani kere іні ori, Ful E, P. RES. ДЛ HERE 
B imar. Ий. Her. ТЫ. B, p. LE ШЕТ, 


poema delivered to him in ihe seed be will return vas pound of deam cotton 
Bible Гог пог а. 

For the encetrapement of planters ba will sbo хасан that ыар machinas 
Ba aln ike green seed cotton om dha above terms will &cinally be erected ба 
Шегенді parta of the comniry before the harvest of tha ansiing crop. 

Funrgas Милан, 
Майғту Grane, Na агатын. 

Малыш 1, ITE 

This waa 2 weeks before Whiteey, who was then in New Haven, 
wns granted his patent. Miller, Ша emengetic partner, who had 
furnished the manay for илшеШэр the invention, proceeded to pur- 
chase waler-powwer sites and setup Whitnoy gina ns fost ав Whitney 
sou turn them cut тола his Їсбогт іп New Haven. 

Professor Olmsted states that "by 1708 Miller and Whitney bed 50 
gine in eight different places im the State of Georgia." Some of 
these were run by wnier power amd others were Waread by horses or 
AWA. 

Phineas Miller, in n letter to Whitney dated September 25, 1707, 
BE: 

La Байна tks titles do the piece which I recived із Due Mortralp ассац 
tram Їїний, D Бало іш тм Іші tham Наана in my manu, specilylng Ea my зохи 
that they were held in rust, om acount of making a [gsl recunveyance айаш 
H be пш 

Millar's referemen "to the place which I received on the Partner 
ship account from Drarkes" was the site on Upton Creek іп Wilkes 
Ceun&r, Ün, where Һа located ü gin operated by Шш water power. 
After Miller's death in. December 1803, the records ahow Ын widow 
trunsforred the power aite to à company of local people who opernted 
a apisning mill there for в few Fuara, 

Other historiasa have mentioned “the Partnership mecount from 
Ihuriee," in the following quotation telling of the waterpower 

T rede, а few day sinos, rix millon below this plese (Washington, Па) іс вэ 
my abi friend ‘Taos. Talbot, aad hia kitchen und barn. Mir: Talboi ia EJ учага 
old, tz full passion ed bis Ганга, and la living where he кіні 00 увала іле. 
Whitsey, the inventor of tho Cotton Gin, settled а plantation мішак him, 
an whisk ka plas one cf his pinap ihe rst Dunt wee ээ in Wilkes County ; par tapa 
fhe fowl із the Slate Fla and Ын parincr Durbin crested a gin boom, acl в 
large ойдон house, The labbar іп held the cobion they expected La Бебета from 
customers ёо gin * 9 Ч, Бағы, Whitney's partner, being dimipaied and 
inwitentive te bones, be sold out Eis placa, acd the gin and satten bere coming 
inka Lhe ровы, of Мт. Табын, be mowed them іп his plazo. The farmer ЇЕ 
pow Ын kitchen * * % The cotton boma makes à large and Фаниса 
bars. (Judge (инт Ампикна, EL)? 
а печь Trial. (art, тш. В. 8. НА іннен 188. 

à йыр. Зава: ka. алд Ага, ты, BL Б. uqi, Tusuy И. 

= лай. Triat. Rav. ты. K. p. 155. ЭМ. 

т лай на Сайнаа, Tal. mk. eker ПВА, 
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Та the ішпейді саца of Md Hrnyrna Church, on the property whieh 
ense belonged fo the Eats of Оотогын Makihaw Talbot, sierde ва old Aror 
iure amend which cariera a worki of bataria Барын, Ti was erected by tha 
famous Bresis, Ell Whiteey, Іп association with bis partner tor the time teag, 
ж man танан! Dhrkee; and H was balli io house whet wee probably tho dre 


paion gin есесін іг ihe Slate of Derg. 
(Lomas LAMAX Karam, 1017" 


[L la ав Interesting deel, tud eae аг the Бан! if пай the very irl, бол да ла 
prir cpezated іп Georgia, or In the world, waa the оша cperated by Ell УГЬ цн», 
Eka meus armi, im Wilkes County, ner Enga Church. The origizal 
bufding, Éhocgh morad à егі ditanda fram the alba upan wilh ib was 
serbe, la willl standing co tne В 
(crus mujan, 21017.) н 


А correspondant, signing hime? “A Small Planter", writes to John 
D, Legare, editor of the Southern Agricultusist, on October 22, 1832, 
an follows 

= * * [ir tbe ніш of Mir, "2" Uka eut ове of ЗГ Шат Ж. Wikibzagr'u waa 
пай فاح كتف‎ ЧИ May 1790. талғын ін kha year 1797. Bs шу баг ган ду, 
Me, Biler had сағ ln ТШШ aperti са Ын plantation os Upten's Greek, Wilkes 
бәлелер, s. 

I visied Geargla he fore part of dhe same yaar (1797) and after riding ever 
тега] сола ын, 1 weal to sec ñ роп espa n in the upper part cf Wilkss, £n whom 
I had farà cS Ї эдэн эн * " т 

Боле ным Ва after ihla I тегі іс ка Мг. Miller's шїп om Шық» peek (B 
alm wein hy жаба) aad fouwsd, upon examdzalion, Тай the picking Enplemeis 
wert айғы wire-Reelh drawn inde à wooden cylinder, ied aftegwarda ihumened 
wilt s Ёю. Тыс wauki Битс ampaceel the purpose орыту well could they 
have been permanently fastened) to the eplinder, but Шин imprim of the рег 
thon waa bon garat Ёст ihe mutahanca ibay wars Ван! La, «МЕР giving sway, 
Шы бегін нуу 1 Бу eut Ін Ша пн cd 114 Wark: көзі ales қорытын Grable 
amd а ы tima + " am 


М Рьоғ Olmated's statement із trac “That by 1790 Miller 
amd Whiteey bad 30 gina іп might diferent рінген in tho State nf 
Gospa, ii would met be sarprising for lccalities othor than Washa 


ington, im Wilka County, ta make claim as the first. place of opera 


tion ef à Whitney gin. 
Augusta, in Енішеші County, m cee of these, ка Ше following 
цал ана. will indicate: 


Пин ibê past wluter {bê зуг аг аа the арай! whens Whitney тала Ша 
vc pir essen lê with, bie теке gin- Upon ашады нйгсйла Шын 28 ingen һе Batky 
Creek which Бота [nto the Éavanzah River в few mies below Аена, Qa, 
ажин a. dasri wooden шй Ён ақ wlth На crurzblizg wooden iub wheel іп n. 
dyed wheel pl. Near be la в brakes dam aad & rane brake which border 
Epos à auiem mhire Шы Бугд owing mess harga droepirgr fram the trees. The 
spot da ізікетеірд EF me в plasa where Wilimy made experimenis and operated 
his first кайын gin. (M, F. Forren, 108.) m 
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Ti Hë а fart of no ama Inter in болло са with Da НИЛпгү of Augusta БАГ 
Whitreg zeanufastured bas gina at a Title factory, Ше power of which was Бата А 
by the Hiio Нойр Crook on ihe plaráaiion of the labe Mr. John l'hinizy, now 
mizuw included іп ihe presen boundaries of the еНу. (Frozz addres of Mayor 
Joseph Ih Cumunlng on comaben ей ОО лай of Municipal Cerienrial ей ihe 


City ef Augenta. ) № * 

After tbe: кіз mas істепігд, Whhiney вайа Шао Ein machines in татіснің pisma 
in Georgia for the purpoae of buying and ganlor estos. One of these wii Thir 
Angora, about Fra mika meth of the айт. Tika dama ің still sta, whieh, held Eka 
weber th Тагтан the рле. План Laka Багат, ШІЛ 


An arrangement in chroeologicel order of the published corte. 
spondence of Ell Whitney and documented sintenenta of bin place of 
тайма, from tha fall af 1792 unti] the middle of 1806 ahows plainly 
thet Eli Whitney himself carried on his ncivities and experimenta 
in Now Haven except for n few тегу briot periods at Mulberry Grove, 
ñF when be mas enptused with [але pota в Savannah. На соц | za in 
person have carried on the ectivitios attributed to him by loca] iradi- 
tions in numerous кеа ез, "These activities doubtless теги carried 
on by Phineas Miller, acting for the Érm of Miller & Whitney, until 
his death on December 7, 1803. 


V. SUMMARY 


А. rent edy of some of Eli Whitney's correspondance with Ын 
father, his partner, and others; the rediscovery of numeras enriy 
acovante of Ын activities im the Booth; and the recent examination 
of several original models of the gin, have thrwm some new light on 
the history of Whitnay’s famous invention. They indicate several 
mitike nnd müscomcepilons in documents hitherto believed to be 
цэнтэй. 

In view of the destruethom of the original patent papers ond the 
original working model which wee filed with Whitney's application 
for his patent, it is believed worth while to rediseriba that model, 
ned fû point ent that neearata copies of the patent and ansciflestions 
of the machine ary still in existence. 

А careful examication of Шинь documents dow not delete tha 
шав of рін валга, or of ù ovlinder built with teeth eut in plates of metal. 

И is pointed out that what is understood to be the "Whitney patent" 
is а series of steps and documents which need to be takes together 
and considered ая а whales to determina just whet waa ғотағай hy 
a patent granted to Edi Whitmer om March 14, 1794, — These ера 
may be arranged in the follwing order: 

1, First application for a patent made io Thomas Је енп, Seiri 
tary of Siate, (шап 20, 1183. 

2. Forwarding of a drawing t Jefferson, October 19, 1799. 

таний ШШ. Sri. тэй. 1, р, SE, Depharybar 17, 
w perrin Lama Marku, Mommayrisis and Lapis TEL 2. рь PI, HG 
Hiii 
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3. Declaration before the New Haven notary public, Elizar Good- 1 
rich, Ügtober 28, 1708, that he, Eli Whitney, believed himself to ha 
the original inventor af a machine to separate the green seed cotton 
from His weeds, and the filing with the notary public of в detailed 
description 01 tbe invention. 5 

4. The filing of a working medol of the machine ns requested in 
Jedferson's letter of November 16, 1792. 

ñ, The fling hy Whiiney of a description of bis invention written | 
in his own words. E o 3 
ð. The genting of the patest signed by George Washington on 

March 14, 1794, for am exclusive right to the use and sala of his in- 
vention for 14 yours from November б, 1792. | 

Te hus been shown that before the fire of December 15, 1880, whia 
the originals of all these documents (except possibly the first and tha 
{Ыга} ware destroyed, certified copies or descriptions were filed else- 
wher, Of the docwments above mentioned, copies of the third and 
sixth were filed im the Сагсин Court ot Savennoh, Ca., ш 1504; the 
filth document and à drawing of the medel were published in n periodi- 
eal in 1513: the third, fifth, ond sith documenta were іп 1841 copied 
at the Patent Оке inte the first volumes of Restored Patents ap- 
раға from copies on file in the Office of the Secretary of Sinte, the 
third, however, being labeled “Not patented" in the Patent 
Te kaa bean pointed out fhag several models of Whitney's gin are in 
exiebence, that two of these are from à group of five models made 
by Whiimey himect!, or under his direction, before 1900. Тінге two 
models have been described and compared with an illastration of the 
original model mde by Whitney and filed with his application for 
his patent ak the ond of 1783, This illustration was published in 
1828, 13 years before the original model waa destro ved by fire. 

Whitney's partner, Phiness Millor, advertised early in 1794, even ! 
before Whitney was granted his patent, that be would “engage to gin 
In a manmer equal to picking by bend, any quantity of the green seed 
байыз," and promised thet gins for ihis purpose would "asetually ba 
erected. im different parts of the country before tho harvest of the 
ғаяшпұ егің." 

This enorgetle partner did carry out his promise, and while Whitney 
was іп New Haven, Cona., building gins as feat ал he could, Miller 
sought sut water power sites sb points wher the green seed sa titan was 
being cultivated. These sites were usually purchased for the partner- 
ship, bat sometimes the titles to the properties wore recorded in his 
awn mima, ав eme of Ын lettera to Whiteer indicates. Within 2 rears 
he bad 30 gira is operation at B diferent places im Georgie. Аз - 
went on, rivalry developed among local points, which mow claim the 
distinction of being the place where the Whilnoy gin wea firat operated. | 
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In spite of tha statements in Whitney's correspondence that his experi- 
monia were carried on аё the Greene plantation, near Savannah, On, 
amd at New Haven, Conn, two bozalities in partieular, Washington, 
Ga. in Wilkes County, amd Aupasta, Ga, in Richmond County, have 
been cited ав the apot where Whitney nada Ын experiments with kis 

А study of Whitney's correspondemen and othor authentic docu. 
mania eonelusively proves that, with the exception of а few months in 
tho carly part o£ 1793, when ho wag without funds and dapandant арав 
ibe hospitality of his hostess, the widow of Gen, Nathaniel Groma, 
Whitney could bot possibly have carried on experiments in ginning cot- 
ton aed gin building at points distant from Моту Grove. Phincas 
Miller's letters, written to Whitney at New Haven, appealing for more 
gina ba байв сага of the enormous increas із the production of the 
green &eed gotten, are proof that Whitner did not hawa the ime to 
carry on experimental work in upper Georgia. 
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Tha traveler approschiag San Francisoo by sen finds his ship boad- 
ing for a mile-wide gap іп the mountainous shore line, Passing 
through this natural gateway, which is known the world over os the 
Galden Gate, ha sees before him в great expansa of water that extends 
ао оя to the southward and 30 miles to the nerthwerd. On bis 
right lies the city of San Francisco. (ka his left im marvelous Marin 
County with Ия delight) auburban cemmanitee—tho gateway to 
sennic wonders of the Redwood Empire. Before him, straight across 
tho bay on the far distant shore, lis the cities of Alameda, Га аг, 
ond Berkeley. Düreeily above him la the Golden Gate Bridge, гааг в 
most recent victory іп Ын conquest of mature's barriers to progress. 

For many years tha ferry beats have constituted the caly means af 
tramsportation between the rapidly expanding sommunition. 
Improvement in highwaya and increased use of automobiles, coupled 
with the growth of the hay cities, brought forth the demand for & 
corresponding improvement іп transportation feeilities. In 1918 
investigations were made and the feasibility of building a suspension 
bridge serem the Golden Gate waa established by Joseph В. Bruun. 
АВ à говур of the moremont then started, the city and сошайу of San 
Frencass joined with fea counties ta tha sarih іп forming the Golden 
Gate Bridge and Highway District to build and operate the Golden 
Gate Bridge. Mr, Strauss was mode chief engineer of the Dietrich, 
and a bond issue of $25,000,000 was voted in Newember 1990. Plana 
for tha bridge were made by Strauss & Paine, Iot, and construction 
жаз started in January 1633, The bond issue was haad on a con- 
atruction coat of 827,155,000. The bridge has bean completed with n 
ennstructiom бсн about one-half of 1 percent under that estimate. 

Traffin stasdies have indicated that during the raf pear of operation 
2,000,000 cars will pasa over the bridge nnd that the volume of traffa 
will рогату imeroase at the rate of пелі, percent per year during the 
fret 10 years of aervica. The bridge Бал п capacity ef 5,000 сага per 
© нарны by радий. with ЫЗА езда by Та aao. Sw Атты Taglar mi] Ақтамақ 
vel. Л, Мв. 1, Шана ШЕТ. 
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hour, and it is expected that this will be fully utilised by holiday and 
Haring: passed through the Gate, our (ғаты will now withogt 
белье fix his attention on the magnificent structure under which he 
has just posed, Ha may have traveled the world over but nowhere 
hes he soon a bridge of such magnitude or grevefal beauty. At mid- 
span it la 220 feet above the-water, high enough to let any ship afloat 
pass underneath with plenty of clearance. Tt № а mila across, пай 
there ia only one pier im the ға” Thak pier ї only 1,100 feet from 
bore; it із 4,200 Teet betwoani the towers which support the cables 
авд which im tern suppert the floor of the bridge. In ай his trvvels 
hè has not sean towers like these, The design gives confidence of 
тіге and stability авд at the same time gives that feeling of antis 
faction meat often kmspired by süroctunes thet are arcbilecturally 
correct. Ап officer of the ship, standing beside him, tells him that the 
tower topa аго 760 fret above tha water. The tos cables which pass 
on shore, are 56% inches іп diazmeter— the largest bridge cablea ever 
made, Each cable la 7,850 feet kag and contains 27,573 parallel wirea 
abosi the яна ûl à lead pencil Eighty thousand miles of wire were 
required far the two cables—enough to encircle the globe more than 
three times af the Equator, Each cable hii an ultimata tensile 
atrength of 200 millia pounds. Yes, it takes a pretty good anchorage 
at each end of the cable to withstand this рай. Fortunately, solid 
rock was found af each end, and bag pockela were excavated in this 
төсі to form & sitting lor tha concrete anchorage blocks, each of which 
niana 30,000 cube yards, You're right, ther із a trick about 
fastening the cable to the anchorage. You see, the wires of the cable 
are geuuped into 61 strands, Sema distance im front of the anchorage 
n cast sten] band is placed around the sabla and between that point 
(ralled the “splay point") and the anchorage the strands "fan out," 
so that at the aschornge they are separated by 2E fest ог more Each 
strand ін there anchored to a pair of steel bars which extend back inte 
the concreáe for about 180 1006 where they terminate im beavy ated 


Our friend realizes at а glance that the entire leor structure of the 
bridge із suspended from these age cables, He can sea ай 50-Toot 
intervals the Ман! торға which hang down from the enbles end attach 
to the stiffening гээн, At each point of attachment бете аге 
[car paris of rope Г.Б, imchen in ihameter, The concrete roadway 
and sidewalks are carried directly on this suspended ateal framework. 
There it banga like a great hammock between ihe giant towers, How 
far will it swing sideways? That п fair question, 

The informative officer in his frequent passing through the Gute haa 
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bean naked all kinds of questions about this ungsual structure авд із 
with all the answer, А 

Under the effect of a broadelda wind at 100 miles per Sfr, the 
bridge foor af midspan might swing 21 feet ong to one side. Since 
wirds іп San Francisco rarely reach half this velocity and never bawa 
excisa ûû miles per hour, it is quite ble that 1$ will sever Ба 
sallî upan to withatand such a strain. ся, the floor mores up and 
down tox with every change іш ture and ond. А ris in 
tempereture couse the cable ty авд enmuequentiy the sag 
inerenaes, Obviously, the sag in the center spam will ba decreased by 
kandirz the side spans amd increased by loading the center span, The 
moat severe combinations of loading and temperature will санаа the 
floor af the bridge at midspan to rise 10 foes above or fall 10 fogt below 
На normal elevation. In order to accommodate these movements 
as well as the lengthening or shortening of the suspended aseel atrueture, 
itself, арын!) jointa nre provided where the floor of the suspended 
span joins the floor that is carried directly by the tower. ‘These joints 
permit angelar motion іп horizontal and vertical planes dûm bimê 
with à longitudinal movement of 5 feet from one extreme to the other 
and they are sn designed 24 to give n amooth riding surface across the 
joints under all comditions of losd amd temperature, 

Dosa iha enble side over ihe top of tha tower? No! The towor 
бора are pulled back end forth by the cables under tho varying cambi- 
nations of temperature amd loading. Under normal conditions, that 
is, with temperature at 70% F., and no load on the span (other than 
ite own dead weight}, eich tower is bent shoreward 8 inches. Now, 
if the temperature risen 4407 asd full live kad is appbed te the center 
span and the far side span саду, the tower will be deflected channel. 
ward 15 inches. If the temperature drops 40° below the normal 
bempernture of 70" Е. and full live load ia applied to the manr зїйг 
прав only, the tower will be deflected shoreward 22 inches. In other 
words, the towers may be bent to and fro so that their topa move 
through n range of 40 inches Es the longitudizal direction of the bridge. 
In в direction transverse to the bridge, the towers would deflect 
124 inches under the same wind load which would 68080 8 27-06 
deflection in Ши center span. | 

Rach tower recerres from the two cables a total load of 123 million 
pounds, ‘The concrete piers upon which tho кегі towers говь muat 
carry this load plus the weight of the steel tower, which is 44 million 
pounds, or = ісім! applied load af 167 ш ав pends. The Sam 
Francisco pier, allowing for buüyumey, weighs 560 million pounds, 
and therefore the ісіні load on the foundation which supporta the 
Зил Franclsco pier and tower із 727 milisa pounds. | 

In Чери amd construction the engineers were confronted with 
some unique problems. From the outsot the construction of the 
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Ban Franciso pier waa recognized ва % major task. Тї was located 
1,1004 out from shore in watar having an average depth of 05 fect, 
The waa exposed nob only $e the destruchire ocean 

wares, but ales te tidal eurrenta of 7 miles per bour, Тһе dilficulties 
тота multiplied br the fact that the floor af the strait wis bare roak 
and consequently М wea Фешн to ameber equipment end get a 
“ioe bold” The complete! pier would hare ta һата the protection ed 
a very qubstantial fender V» Guar? nguinst damage from dereliota or 
ships oat of control. Tt тт 864 that thas fender would ba built 
вз а part of the рїат— wall 27H feet thick forming the ciroumference 
of the pier, Di wma conceived that this wall could be built first in 
amall succomire unite so that ms exposed surface to tides increased, 
the тома of previously placed wall would afford a eorraspomding in- 
amaan im stability. ‘The initial section coukl ba placed by anchoring 
to the rock a steel form about 20 feet square, Divers could place 
with боега, Tha initinl unit in place, mocceeding units could be 


against tides and pirma. : 
‘This general scheme was carried out. with frequent adjustments In 
glans [ш order to шегі the conditions. ТЬ waa û battle between men 
tha | оС nature, When one attack failed, new tactics were 
өд and finally the job waa dene, The first operntion im the 
Geld was the excavation of the rock st the pier side until here was & 
kels abest the size of & football field, with sloping rock 
sides varying in belght from 25 to 45 feet, nnd with the bottom at as 
average depth of 100 Feat below the surface of the water. Within 


of the wall projected toward the iude of the bowl sa sa to interlock 
with the central portion. Thea the pior asd fonder aro wnited inte а 
solid mass from the bottom up to a point 35 fast kalow the water sur- 
face. Above thet point, the fender wall rises ва an Independent stinor 
ture so that it alone must withstand any blows directed agúimak it. 
Two years nf stroggie broeght completion of this pier. Meantime 
the corresponding pier om the Mazin side hed been completed and the 
айы tower erected upon it Anchborages Һай also been completed in 
гомд аа for cable батаа л whieh had to nwait completion of the 
Бап Fr&nciseo tower. This required another & months, but in the 
meanting the сопігесіст fer the са ва was рид everything in 
readiness өз ihai there would be no delay after the tower was ready. 
At each anchorage ho set ap mechinery for шагай шэг the wire af which 
the cables would be built, ‘This wire was manufactured ab Trenton, 
N. J. Та waa shipped іп coils of about 4,000 feet (400 pounds) each. 
Them coils were pet осіп тыз at the "roig plant." Each reel 
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ЫН 00 БЫ АП аиры Шайы лл ан сыиын кон е 
fest long. Splices were made by pressing as alloy steal slew 

йа то сее фа Ie hel having ma pen 
ін an hydrwalic presa which made thee oval in cross section and left 


фетр eorrugntiona En their ишге. These splices wore во good that 
in зай teeta (he wire broke outside tha : 
Before cable wire could be are посеваагу to build “eai 





walks" upon which the workmen „ Thess еліме Ея warn 


шаа Ba oio dard thay тэй дон 3 fori bue them at all 
points, The ғаға Ша ware simply board walks carried by 12 wire 
ropes 1%, inches in diameter and spaced 15 inches apart. These wire 
ropes between towers were eructed by fastening ona end at the base of 
eme tower and then laying the rope along the bottom of the Gata to 
tha other tower. Tü was then ісіне into position and fastened a£ the 
tower tops. Adjustment was provided in the attachment of the roges 
' en thay гоша ba lengthened or shortened as required to ий! the pag of 
the сарва which, of course, varied os the weight of the suspanded 
atrockarn was applied, The wood floor of the catwalks was painted 
with Ёго-гол ал! paint ss ва to minimize the danger of fire. At 
intervals of 100 feet в 18-10) section wna npplied to & steel frame во 
that 14 could be quickly removed ta forms a fire stop. 

Essentially the “spinning” of the cables sangista of taking Бірала 
of exhla wire from the reels nb oce anchorage and pulling them scree. 
to the opposite anchorage where they are looped over a shoe which in 
turn i» fasbened ta the anchorage Each ahoe (called "atrand-shas"') 
іш capable of holding all the wires that go to mnke up one strand. 

The 6i strands that make в cable average 452 wires cach. The 
spinning wheel ағаға ЫНға which shuttled bask ond forth conseted of 
tour sheaves, three of which always carried a bight of wire; thus six 
wires were laid nê each раар. The spinning wheels wore attached 
bo endless hauling ropes by means of which they were pulled along their 
course at the rata of over 000 feat per minate. Four such spinning 
unite were always in operation simultaneously spinning an fear strazdda 
at опе dime, Many daya saw 1,000 miles of wire placed in 8 hoars of 
working time. The four strands during spinning were supported in 
нь As each 
seb of four strands was completed, they were lied ono by ове from 
their episning positions amd placed in their final positions in the cable, 
pinned in place ab the anchorage, and then adjusted sccurataly to 
length by taking up or bedding owt at the strand shoe where special 
means for adjustment wae provided, 

Whee all strands were completed the cables were competed by 
miana of a machina which encircled the cable and by hydrunlie pressure 

3:884. 14— 4 
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i End apani ta hind the enable together until the wrapping 

be ord Finally, the cable is closely wrapped with steel wire 

which holds it compact, and protects H against both mechanical injury 
авй the weather- = 

During the year requir D сурет E NN сан рэг 


The two main span ira зны ад midspan uad. hon sach started 
back award ihe towers setting the hamdrailing, curbs, amd the ras 
mainder af the Haar members, laivina behind then a completed steel 
structure redd to receive Ше paving. Меапї ай, the other two trav- 
ders from the shor onda also worked back to the towers, comploting 


the engineers decided upom a safety mearare that had never been 
applied са any other job. They concluded that ай the suspended 
жігісінте waa bulh ong fram the towers, bugs nets should be stretched 
êêê beneath and suspended from this Hel work. It would be 
possible sò t& devin ibis thet gees the workmen at the extreme 
forward part of the work would be protected by a net carri] on а 
framework cantilevers cut ahead of the traveler. Tho nei would 
бейей for the fall width of the bridge and 10 fost beyond on each sida, 
Upon cocmplation of the Boor erection thers would be eaapended from 
it а continuous net 110 feet wide ond 6,500 feet long, which, like в 
кайыйт ned in ж гігізгі, weuld 40861 meen who kat thar footing and save 
—— Эн МЫ Шы Кешн ход алев par Tha cost 
of Шин not, Bz єгєл од, azul subeequeni гота) woukl be about 
8150/90. The engineers said this was not too much io pay for the 
lives of the men who would be saved. They айна the Bridge District 
te contribute $52,000 and the contractor tbe balance. The District 
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imroediately ке и кк ксы коюшы үүлэн 
із qne along. Likymiss the California Santa Industrzal Accident 
mision was won ever to Шин novel safety mheme. The 

now kare the satifnclinn of knowing thot their imsistemen on the 
edoption of this safety net has rezalted in saving the lives of 18 men. 
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